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EDITORIALS 


Country Roads 


T has been suggested that agricultural engineers take an 
I interest in country roads as something more than routes 
to good hunting and fishing places or to farm clients. The 
idea is that farm and secondary roads are or can be engi- 
neered structures, and that they have a lot to do with farm 
operating cost, safety, and the satisfactions of farm life. A 
fresh outlook on the country road as farm structural equip- 
ment might bring up a lot of questions. 


How is the direct cost of power, labor, and wear and 
tear on equipment per gross ton-mile influenced by the 
surfaces over which farm loads and field equipment are 
transported ? What are the investment and maintenance costs 
of various methods and materials of construction to provide 
various degrees of hardness, smoothness, and durability of 
road surfaces? What annual ton-mileage of use and result- 
ing economy of operating costs is required to justify vary- 
ing degrees and costs of road surface improvement ? 

What are the service requirements of farm lanes and 
secondary roads, considering increasing use of pneumatic 
tires and increasing road speeds, and what construction and 
maintenance practices will meet these requirements most 
economically ? What new materials or methods of construc- 
tion give promise of more economically meeting service 
requirements for light hauling. What is the influence of 
type of farm production on road service requirements? 
What farm lane and road layouts will interfere least with 
desirable field layouts and operations, drainage, soil conser- 
vation, and other factors in farm operation? How are road 
requirements influenced by the type and amount of produc- 
tivity of certain areas; by the pattern of occupied farms; 
and by the location of markets, primary roads, forests, and 
recreational areas? 


What geometric pattern of roads will best meet trans- 
portation needs with minimum mileage of hauling and of 
construction and maintenance? To what extent can the 
present pattern be economically improved, considering its 
adequacy, potential use, location of good foundations, and 
cost of fills, grades, bridges, and rights-of-way ? 

How much are good secondary roads worth from the 
standpoint of bringing customers to the farm? What is their 
social value to the community? What is the emergency value 
of having roads passable in spite of snow, spring thaws, or 
floods, in cornection with timely marketing, sickness, fire, 
or other eventuality ? 


On the other hand, what is the nuisance cost of roads 
which encourage invasion of farms by chicken and cattle 
thieves; city hunters ready to shoot at anything that moves; 
peddlers, confidence men, and the Sunday driver ? 

What volume of traffic will justify elimination of rail- 
road grade crossings and other physical features which 
contribute to accidents ? 


Does the standard grid system of section and quarter- 
section line roads give an adequate or excessive network for 
present and estimated future requirements? Where hills, 
streams, and other causes have resulted in variations from 
this layout, is there opportunity for improvement in layout 
to meet present and future needs? Some road development 
has followed animal, Indian, and pioneer trails. How well 
do such roads meet current requirements ? 

At best, farm road development to date has been based 
on common-sense approximations of the right answers to 
such questions as these. Engineering provides a technique 
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for getting more accurate answers to some of these ques- 
tions. It seems likely that if agricultural engineers will 
interest themselves in the subject, they may be able to render 
important service to many farmers and farm communities by 
helping to determine the changes, abandonment, new con- 
struction, and maintenance of roads which may be justified 
by present and anticipated requirements of farm operating 
economy and living convenience. 


It’s in the Statistics! 


ILKING machines, hammer mills, pneumatic tires, 

and—believe it or not—individual farm light plants, 
are among the items of equipment being purchased by 
farmers in substantially increasing numbers in the past few 
years. 


Numbers of horses on farms have been declining con- 
sistently since 1919, until now there are only about half as 
many as at that time. Their decline is reflected in sales of 
new horse-drawn equipment. Mules, as a vigorous minority, 
have survived better, being on the increase until 1925 and 
still numbering about three-fourths of their maximum, but 
they are definitely giving way to the farm tractor. 


Hybrid corn yields are beginning to influence national 
production. In three good years acreage in corn has con- 
sistently decreased until in 1939 there were about eleven 
million less acres planted than the 10-year average for 
1928-37. For the same years production has held up to 
from 250 to 340 million bushels above the previous 10- 
year average. 


From 1930 to 1935, all but two states, Georgia and 
Mississippi, showed increases in number of farms. But 
either an increase or a decrease may reflect progress, depend- 
ing on conditions at the beginning of the change; the extent 
to which it is brought about by abandonment, combination, 
or division of farms; and the extent to which it involves 
better land use and improved farm living. 


Our largest former export markets for wheat, beef, hog 
products, and cotton are now disturbed, and in some cases 
blockaded, by wars. The inconvenience of these wars to 
Americans can at least be somewhat alleviated by a full 
stomach. 


Decreasing European desire and ability to trade with us 
has left the rest of America, Asia, and the islands as the 
source of 70 per cent of our imports and the outlet for 60 
per cent of our exports. Africa is a small but increasing 
factor. 

In round numbers 19,000 farm equipment dealers, sell- 
ing $500,000,000 worth of equipment per year (wholesale 
value) to 7,000,000 farmers with an annual income of $8.- 
500,000,000, means in terms of averages, that each dealer 
serves about 350 farmers with a total annual income of more 
than $400,000, and sells them about $21,000 wholesale 
value of equipment. Each of his customers has, on an 
average, an annual cash income of $1200 and buys farin 
equipment to the extent of about $60 wholesale value per 
year. About three out of four of them still do not have 
tractors, and the fourth is a potential market for more 
tractor-operated equipment, as well as replacements. And 
each farmer's practices offer room for improvement. Wicc- 
awake dealers and manufacturers can afford to help farme's 
make these improvements, however little they may relate ‘o 
immediate purchase of equipment. Such help is an invest- 
ment in future goodwill and increased purchasing powcr, 
a combination which assures future business. 


1Based on statistics published in “Implement and Tractor’’ tor 
July 6, 1940. 
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Adapting Ventilating Fans to Farm 
Buildings and Equipment 


NUMBER 9 


By H. N. Stapleton 


MEMBER A.S.A.E. 


F WE are to have controlled air conditions in animal 
| shelters and crop processing buildings to increase qual- 

ity or quantity of product and save time and labor and 
capital investment, the power behind the air-conditioning 
system must be under positive control. When flues or stacks 
can provide the gravity head necessary, they should be con- 
sidered for their cost is low, particularly if they can be 
built by farm labor from farm materials. Storm winds and 
drops in temperature, however, increase their capacity at a 
time when it is usually desirable to restrict ventilation, and 
when outdoor and indoor temperatures approach each 
other, there may be little air movement at all. 


Since fan selection for most applications is as simple as 
the selection of the proper pump for given discharge and 
head requirements, control of the power behind farm air- 
conditioning can be made positive, and the overall cost of 
the installation often more favorable, by the use of proper 
fan equipment. If the fan is considered to be the pomp or 
“heart” it should be engineered into the air-conditioning 
system. The controls used control the system because they 
control the operation of the fan. Practically all sizes of fans, 
free delivery, rate upwards of one million cubic feet of air 
for one kilowatt-hour, have a demand of one watt for each 
20 cfm (cubic feet per minute) of capacity, and a list price 
of $2 to $5 per 100 cfm of capacity, without the motor, in 
sizes of 1000 to 15,000 cfm. Increased air speed for over- 
coming static pressure increases power requirements and 
operating costs, as well as noise level of the fan. 


BIOLOGICAL REQUIRF MENTS 

In barn ventilation the building must be properly insu- 
lated and intakes installed in the walls, one 60-sq in intake 
for each 31/, cows. Kelley, from Wisconsin studies, sug- 
gests 45 to 55 F (degrees Fahrenheit) for the stable tem- 
perature. The heat output per cow, depending on body 
weight and milk flow, is 2700 to 3700 Btu per hour, but 
25 per cent of this is latent heat in the 0.5 Ib or more of 
water vapor breathed and can be used only if condensa- 
tion is allowed to occur. CO, production is about 5 cu ft 
per hr per cow, from a lung displacement of 116 cu ft. 


The usual fresh air requirement of 60 cfm per cow 
has been based on the calculation that to keep the stable air 
at a purity of 15 parts in 10,000, such dilution is neces- 
sary. This quantity usually dilutes odors from feed and 
waste sufficiently, but during cold snaps may lose more heat 
to air change than can be allowed without condensation. 
Since the moisture-carrying capacity of air is enhanced 
when warmed, restriction of air change to 30 cfm per cow 
can still accomplish the drying operation. 


Presented before the Rural Electric Division at the annual meet- 
ing of the American Society of Agricultural Engineers at State Col- 
lege, Pa., June 18, 1940. The author is agricultural engineer, Green 
Mountain Power Corp. 


Fan selection, as a compromise, is therefore based on 
60 cfm per cow, free delivery, with jet velocity sufficient to 
deliver 30 cfm per cow against 0.4-in water column static 
pressure from winds. A flue is provided in the stable so 
that air may be exhausted from either floor or ceiling levels. 
A damper in this flue will effectively throttle discharge dur- 
ing cold weather, or automatic control may be obtained by 
the use of a thermostat which changes the speed of the 
motor and fan. The thermostat should not shut off the fan 
entirely as there is not enough volume in the ordinary dairy 
stable to prevent stagnation and condensation with air 
change stopped for any length of time. 

Typical installations cost $1.50 to $2.50 per cow for the 
fan alone, have a demand of 2.5 to 3.5 watts per cow, and 
operate at 2.5 to 3.5 kwh per cow per month. From the 
rural electrification standpoint it is a profitable use that 
helps replace summer milk-cooling load. One cow lost from 
tuberculosis or pneumonia would pay for the fan and 5 Ib 
of winter milk per cow per month pays the operation. 


POULTRY’S LOW HEAT PRODUCTION 


Poultry house ventilation presents a similar problem, 
with less heat from the stock. Usually 150 hens are allowed 
about the same floor space as 10 dairy cows, but the heat 
output is about 4 toad cent of that of the cows. Iowa State 
College figures indicate it is about 185 Btu per day per hen. 
Water input to the pen is the total of drinking water, plus 
moisture content of feed, plus humidity of incoming air. 
Water removed is that carried out in eggs, by ventilation, 
and by changing litter. Therefore, the more eggs and the 
better the ventilation, the less often the litter must be 
changed, with its high cost for material, time, and labor. 

‘Lhere must be insuiation if temperatures above freezing 
are to be maintained. Solar energy and fermentation of 
litter will help supply some heat. Restricted ventilation at 
300 to 500 cfm for a 150-bird pen seems indicated. If done 
by a fan, the blower type has better efficiency at small 
volume against wind pressures. Furnace blowers are cheap- 
est; larger, slower-speed blowers are quieter. The power 
requirement is not over 0.01 hp. Even this size at 300 cfm 
in a 150-bird pen with a 7-ft ceiling gives four air changes 
per hour. 

A manufacturer of poultry equipment is offering a unit- 
heater type of intake, designed to add heat from a 1250- 
watt unit under thermostatic control, while the air leaves 
the pen through a stack. In climates with mild short win- 
ters electric power is probably cheaper than insulation. We 
should all know more about this in another year. 

Barn drying of hay, still in the experimental stage, is 
an application which needs further pressure and discharge 
data developed before the most economical fan can be 
selected. For volumes of 12.000 to 25,000 cfm at 0.5-in 
static pressure, price may be in favor of a propeller fan 
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with air-foil blades for the same power requirement. For 
instance, a four-blade, 36-in propeller fan absorbing 2 hp 
rates about 14,000 cfm at 0.5-in static pressure and costs 
about $180, compared to a blower with the same character- 
istics at $370. This blower, however, can double its capacity 
by absorbing 2.25 hp more, a total of 4.25 hp; wii the 
propeller fan only reaches 19,000 cfm on absorbing 5 hp. 

“The Use of Power Fans for Night Cooling of Common 
Storage Houses,” by H. J. Dana of the engineering experi- 
ment station of the State College of Washington, published 
in December 1923, makes interesting reading. He admits 
that forced-air cooling is not equal to artificial refrigeration 
in results, nor in costs either, but submits that if large quan- 
tities of air are used, some pretty good results can be ob- 
tained. He gets liberal with the weather and calculates that a 
20,000-cfm fan, running 10hr a night, will pull the tempera- 
ture of 10,000 boxes down from 70 to 40 F in a little less 
than two weeks, and that by leaving the apples out over- 
night just after picking, the required storage temperature 
drop will probably only be 15 deg instead of 30 deg. The 
fan recommended is a blower because of the volume and 
the 0.5-in pressure developed with the boxes piled the 
usual height, and the air delivered under a false floor. 
Humidity can be supplied by pans under this floor or by 
spraying. Historical perhaps, but an application similar in 
design to barn-drying hay, even if operation must be dif- 
ferent for a different kind of results, and a bulletin on it 
17 years ago! 

Still another application using forced draft is the battery 
brooder developed by John Scott and others. The 1000- 
chick cage is enclosed in an insulated box and air supplied 
by the blower passes over thermostatically-controlled heating 
elements in the top of the enclosure. Outtake is through 
vents near the bottom. By maintaining 0.15-in static pres- 
sure in the box, temperature varies less than 1 deg from 
top to bottom. A blower is used as the air volume require- 
ment is low for necessary ait change. This idea has now 
been worked out for hen batteries. The slight positive pres- 
sure reduces temperature gradient from ceiling to floor. 


VENTILATION IN SEED AND TOBACCO CURING 

Quoting from an abstract of an article, entitled “Effect 
of Artificial Drying upon the Germination of Seed Corn,” 
by T. A. Kiesselbach of the Nebraska Agricultural Experi- 
ment Station, “Timely and suitable drying of seed corn 
with heated air under forced draft may remove the freezing 
injury hazard, facilitate early harvest, storage, and proces- 
sing, and avoid injury to seed viability or field performance. 
The drying period needed to reduce ear corn to a safe 
moisture content varies with the initial moisture content of 
grain and drying temperature; approximately one, two, or 
three days for corn containing 20, 30, or 50 per cent mois- 
ture, respectively, provided the air is changed enough.” 

Prices for hybrid seed make such processing possible. 
The cheapest fan for such an installation wouid be either a 
propeller fan or a blower with medium volume. Obviously 
the size of the heat source and the number of bushels be- 
ing dried will determine the capacity of the fan, as the air 
should not be heated above 112 F. Thus, for volumes of 
3000 to 15,000 cfm, the selection would likely be a four- 
blade propeller fan; for volumes more or less than these 
amounts, a blower type would be used. 

Quoting from Virginia Polytechnic Institute Bulletin 
Vol. 32, No. 6, “Drying and Curing of Bright Leaf To- 
bacco by Means of Conditioned Air,” by A. A. Cooper, 
C. D. Delamar and H. B. Smith, “From the results 
obtained, air-conditioning improves the process by (1) 
reducing the time approximately one-half, doubling the 
capacity of the barn, (2) production of uniform quality 
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tobacco, completely eliminating loss from improper curing, 
(3) considerable reduction in labor and fuel require- 
ments.” Another suggested advantage is reduction of fire 
hazard. Since temperature, humidity, and air velocity must 
be controlled within narrow limits to assure uniform quality 
of product, proper fans help give that positive control. 
Humidistat control of an exhauster and thermostatic contro! 
of the heat source, with constant agitation of the drying 
air, would seem to be indicated. Fan type would depend 
on the size of the installation. 


SUMMER AND WINTER USE OF FANS IN HOMES 


Summer cooling of homes by attic ventilation is similar 
to some of these other farm applications of fans. Quietness 
is a factor, so the fan must run at slow speed. There is 
relatively little resistance to flow, so a propeller type with 
paddles or shaped scoops is usually used. Ceiling fans 
formerly used only in stores and restaurants, have been 
used with success and are easily installed. In fact, if the 
attic has a window and a hole can be cut in the ceiling 
you just set in the fan and plug it in. Usual sizes run up 
to 14 hp and 10,000 cfm. 

For several years I have wondered why manufacturers 
and dealers in household fans do not advertise year-round 
comfort instead of just summer cooling. I suppose you 
may lay it to our Vermont climate, but we use fans in my 
home at all times of the year. In summer a fan keeps air 
moving in the kitchen. Spring, fall, and winter there is an 
8-in fan hung just under the register of the pipeless fur- 
nace that makes the rooms warm more quickly and more 
uniformly, and the furnace doesn’t have to run so hot. The 
mounting involves removing the fan base, making two 
resilient coils by wrapping some No. 14 iron wire around 
a broom handle, and hanging the fan by the guard. To 
level the fan to the register, bend the wire a little. 


In our climate the washing freezes to the line and to 
the housewife’s fingers if hung outdoors on the washdays 
of at least three months of the year. A place indoors where 
air can be pushed around with a fan will save on clothes 
and is somewhat effective in keeping redness from the lady's 
hands. With families of twelve or more it will probably 
be necessary to wash twice a week anyway, but twice a week 
with the usual family makes a wash that can be dried in- 
doors and ironed the same day. 

Of the peewee sizes of fans, those in electric brooders 
are the most familiar. A 20-watt motor runs a paddle blade 
fan up to 3-in diameter, introducing fresh air over the 
heating coils and recirculating part of the air in the brooder 
A control on the intake is usually used primarily to save 
heating cost while the chicks are small and need less air 
change. 

The fans in incubators are usually paddle-blade propel 
ler fans, and their whole purpose is to provide enoug): 
agitation that the air does not stratify. In the hatcher ar 
exhausting damper takes care of any tendency to overhea 
but the fans usually just stir the air. In a pasteurizer or « 
spray tank the agitator is of similar shape, so logic at leas: 
seems to be on the side of the selection of a fan of this 
type for stirring the air in an enclosure. Speed, size, and 
blade shape will depend on the air velocity that can be 
tolerated, the volume of the enclosure, and whether or not 
noise is a factor. 

Most fan applications can be classed as those which 
exhaust, those which intake, and those which agitate the 
ait for the building or equipment they serve. Knowing the 
volume of air to be han led and the working head of the 
application, the selection of the fan becomes a matter of com- 
paring prices of the fans which give the same performance. 
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thorough investigation of any design, and, when an 
estimate is necessary, that it should be at least an edu- 
cated guess. The problems involved in designs of earth 
channels for nonuniform and periodic flows, while they may 
lefy exact solution, certainly justixy thorough examination, 
probably more thorough than is the present ordinary practice. 


Drainage ditches generally represent major investments 
and should be designed for economy. That they may repre- 
vent a real hazard in case of inadequacy must also be taken 
into consideration. Field diversion channels, terrace outlets, 
and similar structures which do not have adequate capaci- 
ties, or do not provide proper control of velocities to 
prevent excessive erosion or silting, are short lived and 
may actually result in aggravation of erosion. There is 
ample evidence of this in the South where immense gullies 
have been cut by water discharged by old terrace systems. 
There has been little attention given in the past to any 
design of vegetated natural drainageways in cultivated 
fields, and it is obvious that their inadequacy in numerous 
cases has resulted in short-lived usefulness and the ultimate 
diversion of the flow outside the limits of the vegetation, 
causing accelerated velocities and cutting of new gullies 
through highly erodible alluvial soils. 


It is recognized that there has been and still is a dearth 
of research data on impedance of flow by various types of 


Presented before the Soil and Water Conservation Division at 
the annual meeting of the American Society of Agricultural Engi- 
neers at State College, Pa., June 17, 1940. The author is project 
supervisor, watershed and hydrologic studies, Soil Conservation 
Service, U. S. Department of Agriculture. 
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vegetation and their abilities to withstand velocities, and 
of the dynamics of erosion and deposition, as bases for 
thorough consideration of channel designs. Furthermore, 
the lack of information for entirely reliable estimates of 
runoff has discouraged efforts to carefully design small 
channels for conservation purposes by rational methods. 
However, another discouraging influence that probably has 
prevented full use of the available design information is 
the tremendous amount of labor necessary to perform the 
calculations entailed. Such calculations, requiring simul- 
taneous consideration of flow velocities and discharge 
capacity, which bear interdependent relationships to the 
channel dimensions, by trial-and-error processes, are a real 
stumbling block to the engineer who wishes to consider 
changing influences of vegetation in the channel and vary- 
ing quantities of flow. 


Some extremely valuable research data on the flow in 
vegetated channels are now available, and it is expected 
that more information of this kind will become available 
in the future. Continuous observations are being made in 
the field on the behavior of channels. These can serve as 
guides to the engineer to modify his designs for specific 
conditions arising from the soils, types of vegetation, and 
other factors peculiar to his locality. A great amount of 
research is also under way to obtain more and better bases 
for runoff estimates. It seems obvious, however, that the 
fullest use of this information depends upon available 
means for performing numerous design calculations readily. 
It is the purpose of this paper to suggest a method for this. 

Several graphical charts have been designed for specific 
channel solutions, and it is believed that graphical methods 
can provide a suitable tool for this job. To be 
most useful, however, the charts must be simple 
to construct and use and must provide for a 
great deal of latitude in the selection of resist- 
ance coefficients, gradients, and channel propor- 
tions. While a few specific charts! for design of 
particular types of channels are presented here 
for illustration, the main purpose is to present 
a basic system whereby such charts can be 
readily constructed for various types of chan- 
nels employed for soil and water conservation 
purposes. 

The nomograph, one type of which is com- 
monly known as the alignment chart, is quite 
familiar, and will be recognized as a means of 
graphical calculation that is comparatively sim- 
ple to understand and use. Both the Manning 
formula for flow velocities, V = (1.486/n) 


3 
OF LOGARITH- 


gk, R?/°S"?, and the equation for discharge, 
HORIZONTAL DSSTANCE 


1These charts were originally developed by the 
author while employed in technical operations of the 
U. S. Soil Conservation Service in 1935. 
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Q = AV, are forms which lend themselves very readily to 
solution by the nomograph. By combining the nomographs 
for these two equations with a system of curves plotted on 
rectangular coordinates to express the relationships of 
hydraulic radii and cross-sectional areas to channel dimen- 
sions, it is possible to determine the hydraulic elements and 
corresponding channel dimensions which will simultaneous- 
ly satisfy the equations for both velocity and discharge. 

The fundamental parts making up this system are simple 
and generally familiar. To construct a chart for design of a 
particular type of channel, it is further necessary only to 
understand the scheme of arrangement for these parts, and 
the essential details of the relative positions of the scales 
and of their calibration. 

These are illustrated in Fig. 1. The scales of the nomo- 
graphs have logarithmic calibrations. Their relative cycle 
lengths are shown as multiples of / on this figure. Their 
essential vertical alignment is shown by the construction 
lines which connect points representing specific values on 
each of the scales. Their relative horizontal spacings are 
shown as multiples of a and b. 

It should be noted that actual values of 7 (Manning's) 
are indicated on the scale representing the coefficient of 
flow resistance, whereas the values plotted are those obtained 
from the expression, 1.486/”. The scale between the resist- 
ance coefficient and slope scales represents an intermediate 
product and requires no calibration. 


AGRICULTURAL ENGINEERING 


The horizontal scale of channel depths, which is the 
ordinate of both the depth-hydraulic radius and the depth- 
area curves, may have any convenient calibration and scale, 
logarithmic or linear. 

Fig. 2 shows a completed diagram for a particular type 
of trapezoidal channel which has been used for diversion 
channels for hillside drainage. In the design of this type of 
channel the gradient or slope usually can be adjusted to 
permit selection of relative channel dimensions as desired. 
Following are the steps required for the solution of this 
type of problem: (1) If the predetermined values of O 
and V are located on their respective scales, a line through 
them will intersect the A scale at the value of the required 
cross-sectional area. (2) From the determined point on the 
A scale the area-depth curves (upper right) may be entered. 
Projecting horizontally from A to the curve representing a 
given channel width, W (arbitrarily chosen) and then ver- 
tically to the d, or depth scale, will determine cross-sectional 
dimensions of a channel of required cross-sectional area. 
(3) Proceeding vertically through the d scale into the 
depth-radius graph (lower right) to the curve for the same 
value of W (bottom width) and then horizontally to the 
R scale, will determine the hydraulic radius of this channel 
section. (4) Connect the value of R and the predetermined 
V point, projecting the line to the blank scale (intermediate 
product) at the left of the chart. (5) The resistance coeffi- 
cient 2 will be chosen in accordance with the character of 
the channel lining. A line from the chosen roughness value 
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FIG. 2 GRAPHIC SOLUTION OF A TRAPEZOIDAL DIVERSION CHANNEL DESIGN 
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FORMULAE : 


GRAPHICAL SOLUTION 
OF 
SHALLOW PARABOLIC CHANNELS 
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which intersects the V—R line at a point on the blank 
scale, will also intersect the slope scale at the required 
value to obtain the desired values of V and Q. 


It will be seen that the choice of bottom width, W, 
affects the slope obtained inversely. A number of trials may 
be run quickly to obtain a slope and channel section which 
are desirable. 

Fig. 3 illustrates a similar diagram constructed for solu- 
tion of shallow parabolic channels such as may be employed 
for terrace outlets and field waterways. In this type of 
problem, the slope is usually predetermined and it remains 
to find the correct channel dimensions. It will readily be 
seen that, in these cases, selection of the appropriate resist- 
ance coefficient, assumption of maximum flow velocity, and 
determination of the slope and necessary capacity of -he 
channel lead to direct solutions by the nomographs for the 
required cross-sectional area and hydraulic radius. Horizon- 
tal lines are then drawn from these points on the area and 
radius scales through the depth-area and depth-radius 
curves, respectively. A straight-edge held vertically and 
moved along the depth scale, should locate points on these 
horizontal lines which represent simultaneously the same 
value of the horizontal dimension on both sets of curves. 
This horizontal dimension and the depth indicated by the 
vertical line will define the channel section satisfying all 
requirements. 

When solutions are not readily obtained with desirable 
cross-sections, it becomes necessary to consider modification 
of the slopes by check dams, oz of the flow resistance and 
allowable velocities by adoption of a different type of 
channel lining. 


FIG. 3 GRAPHICAL SOLUTION OF SHALLOW PARABOLIC CHANNELS 


eo on 


. 4 SP aE 
rg v= 148 af. st © manavs 
1000 J 3° 2: a 
EE RE OP 
s 4 7 LC pet ra 
$00 oe 8 Fo] Avia 1 IA ars er ee 
ri ne BSS Sasa eae 
Ww ae wee 
r as Zenees dane anes 
fs ee v4 . Brae eras eae ae erase 
/ . / FA et Ar 
w tT 03° va Ee ad , 4 a 4 
a rd ae ‘A : g A / c 
raf x x ik / 5 ' 
- if G Me ut? 7 3 ig 2 a © 2 ’ 
. 040 $ ~ 2 Pi ® Pr 
z a Sk 
g >t ae A 
- 
; i a 
S ° ~~ ' 10 
w T.050 . © i 1 
e "ths 
5 a ¢ 
z ee eo oe on Bae 
= + cso ti 2 aes See SS = a 
« Sec * .0 se 
SEA 
' 
- PARABOLIC CROSS SECTION } = c= 
‘ eee nae * cc 
; ror a 2 a a . ao 
rt TTT 


It will be noted that this type of solution is less simple 
for trapezoidal channels than for those of parabolic sections 
because of the superimposition of a considerable portion of 
the depth-radius curves for the latter. However, it is also 
practicable for trapezoidal sections. 

The sloped guide lines shown on graph of depth-area 
curves for the parabolic channel represent uniform values 
of the constant & in the parabolic formula, x? = ky. It 
will be obvious to the engineer using this chart that these 
guide lines will enable him to determine depths at various 
distances from the center line for field layout purposes. 
They are also desirable for examination of the performance 
of a given channel section carrying various quantities at 
different depths of flow. 

It should be emphasized that this paper is intended not 
to present specific design charts so much as to set forth a 
system for graphical solution of channel design problems 
as a basis for construction, by the engineer, of such charts 
for particular types of channels required for drainage, 
irrigation, or erosion control. It is thought that this system 
is sufficiently simple to make this practical. It will be noted 
that solutions for a number of channel types may sometimes 
require only construction of several sets of depth-area and 
depth-radius curves for use with a single set of nomographs. 

It is hoped that the ease with which this type of chart 
can be constructed and its flexibility in use will contribute 
to thorough examination of various channel design problems 
and facilitate complete utilization of present and future 
research data on runoff, silt transportation, and the hydrau- 
lics of vegetated channels. 
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HE typewriter and the railroad locomotive do not 
have a great deal in common, and yet many parts of 
each are the product of a similar process of manu- 

facturing known as forging, in which steel heated to a 

plastic condition is pressed or hammered into the desired 

shape. 

Rolled bars from which forgings are generally made are 
fibrous. Lines in the fibrous structure of forgings or rolled 
steel bars are known as flow lines. The similarity of a deep- 
etched steel bar and the grain in a wooden plank evidently 
gave rise to the expression “grain flow’, which has appeared 
in the forging industry for the last two decades. The correct 
expression, however, is “flow lines’. Forgings possess 
greater strength than castings, due to having this fibrous 
structure instead of the crystalline structure of castings. A 
forged part, due to the flow lines, possesses greater strength 
than a part machined from a similar material. 

Forgings are employed to a large extent in the manu- 
facture of agricultural machinery. The equipment used to 
forge metal includes the drop hammer, trip hammer, helve 
hammer, the forging machine commonly called an up- 
setter, the mechanical, hydraulic, and pneumatic presses. 
and the single and double-frame general forging hammer. 

Drop forging has been defined as the process of work- 
ing metal in a pair of dies to produce the form desired in 
the finishing impression under a drop hammer. A forging 
formed by pressure upon hot or cold metal between dies 
operated in a horizontal plane has been defined as an upset 
forging. 

There are normally four steps in putting into production 
a forged part, as follows: 

1 A detailed plan of the part needed is drawn by the 
draftsman. 

2 Impressions of the part are sunk in steel die blades 
by skilled diemakers. These dies are hardened, lapped, and 
ground to fine limits of size. 

3 The dies are set up in a forging machine accurately 
aligned, and the hammer or ram is adjusted for necessary 
length of stroke. 

4 The correct grade of steel is heated to a plastic 
state, inserted in the forging die, and hammered or pressed 
into the proper shape. The flare is then sheared off and the 
forging passes on its way to other operations. 

With an attempt to laud neither the forging process 
nor the casting process, one problem, flow lines in farm 
machine forgings, is presented. During the last decade there 
has been great development in improved materials and 
processes for casting and in foundry practice. Crankshafts 
and camshafts in motors, gears in transmissions and steel 
plow beams can now be cast, a feat considered impossible 
a decade ago. 

Fig. 1 shows a bar of steel (A) which is being forged 
into a crank; note the direction of the flow lines (B) after 
the forging process. In a crank (C) which has been cut 
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from a bar of steel, the flow lines do not follow the shape 
of the material. A machined flange may have flow lines 
parallel to the axis (D), or flow lines perpendicular to the 
axis (E). Each piece has been cut from a different piece 
of steel. A similar flange, which has been forged rather 
than cut and machined, is shown at (F). 


Fig. 2 shows the steps of forging a universal joint used 
on many power mowers and binders. The left view shows 
original stock and the first step in the forging process. The 
next two views show the second and third steps in the 
forging. Next to right is a section of the spider, while the 
extreme right is the finished product. Careful control of 
the flow lines can be noted in each step of the forging 
operation. 


Fig. 3 shows a section of an actual crankshaft which 
has been cut from bar stock before machining. 

Fig. 4 shows the flow lines in a ball bearing. Flow 
lines are under careful control in this forging. 

Fig. 5 is a tractor crankshaft. Note how carefully the 
flow lines have been controlled in this piece. The dark 
line is the drilled hole for the full forced feed lubricating 
system. 

Fig. 6 is a forging from which a tractor transmission 
gear is to be cut. This piece is subjected to heavy loads, 
and the manufacturer was careful to control the flow lines 
so that they will be parallel with the teeth after milling. 

Fig. 7 is a cross section of an upsetting on a plow shaft. 
Poor grain flow may be observed on this forging. The up- 
setting was not located so that it would fall in the center 
of the machining operation. In all probability this part 
was made from inferior stock. 

A tractor camshaft with fairly accurate control of the 
flow lines is shown by Fig. 8. The forging will be ma- 
chined, casehardened, and finished. 

Fig. 9 is a press-forged mower guard, a forging accom- 
plishment considered impractical a decade ago. The lip was 
welded on after forging. Flow lines are accurately controlled. 

Fig. 10 shows a connecting rod with the rod bolts an 
integral part. This is a nickel alloy and withstands the 
action of the etching acid for a considerable time. It was 
necessary to etch this forging (Continued on page 366) 


FLOW LINES 


FIG. 1 THIS ILLUSTRATES FLOW LINES IN BOTH FORGED AND CU 
AND MACHINED STEEL SHAPES 
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The Cost of Tractor Power 


By C. W. Smith, Frank Miller, and W. L. Ruden 


MEMBER A.S.A.E. 


OW much does it cost to operate a tractor? That 

question with variations is frequently directed to 

workers in colleges of agriculture. The study 
reported in this paper was made by the departments of 
agricultural engineering and rural economics of the Uni- 
versity of Nebraska to find an answer based on the experi- 
ence of farm tractor operators. 

In September 1937 farmers in three. Nebraska counties 
were asked to keep detailed tractor records for one year. 
Although the period terminated in 1938, these data are 
applicable to the present price level. 


Tractor costs were classified as ‘‘fixed or overhead” and 
“variable”. The former included depreciation and interest’, 
insurance and taxes?, and housing*. Variable costs were 
repairs‘, lubricants®, and fuel. No charge was included for 
labor on either tractor chores or operation. 

Thirty of the tractors were equipped with rubber tires, 
forty-eight with steel wheels, and two were of the track- 
laying type. An analysis of the track type was omitted on 
account of the small sample. However, their cost per hour 
was about the same as for wheel type tractors of similar 
power rating. The track type cost more for overhead, but 


The authors are, respectively, professor of agricultural engi- 
neering, field assistant, and research assistant in rural economics, 
University of Nebraska. 

1Each tractor operator estimated the life of his tractor in years 
and reported the original cost. That sum was amortized at 6 per 
cent interest for the life of the tractor in order to give an annual 
charge. Therefore, the annual charge will provide a sinking fund 
that will be sufficient to pay the original cost and 6 per cent inter- 
est on the investment by the end of the estimated life. 

2Insurance was estimated at one-half the purchase price times 
0.6 per cent and taxes at one per cent of the same base. 

3]It is assumed that a tractor shed has an approximate life of 20 
years and could be built for one-tenth of the cost of the tractor; 
that investment was amortized over 20 years at 6 per cent interest 
to determine the annual housing charge. 

4The average repair expense per rated drawbar horsepower for 
all of the tractors in a group was used as the charge for each trac- 
tor. It was necessary to prorate the expense in this manner in order 
to avoid having an overhaul job charged against a tractor during a 
single year of operation. 

5Lubricants were taken at actual cost with no allowance for the 
labor of servicing the tractors. 


TABLE 1. LIFE OF WHEEL TYPE TRACTORS ACCORDING 
TO SIZE ON THE BASIS OF HOURS OPERATED 
Ave. yr 
required 
to give 
ating 6,264 hr 
hours operation 
3,480 36 
2,706 25 
5,070 18 
4,340 14 
5,840 11 


Average life* 


Rating of Oper- 


tractors, 
dhp 


6-10 


Hours operated 
in year 
Range 
100-199 
200-299 
300-399 
400-499 
500-599 
600 and 
over 
100-199 
200-299 
300-399 
400-499 
500-599 
600 and 
over 
Total or weighted 
average 502 
*Estimated by tractor owners. 


No. of 
trac- 
Ave. tors 
174 
246 
338 
434 
584 


Years 


PNWwWNPe 


691 
115 
251 
346 
453 
556 


8,292 9 
1,610 54 
3,514 25 
4,152 18 
5,889 14 
7,228 11 


a 
VOowmow nN 


744 


N 
N 


8,928 8 


~I 
i? 9) 


6,264 —_ 


that was offset by the less expensive diesel fuel. The data 
were insufficient for comparisons between rubber-tire and 
steel-wheel drives. 

Life of the tractor was based upon the owner's estimate 
rather than upon an arbitrary number of hours of opera- 
tion. The latter method makes no allowance for obso- 
lescence. A considerable portion of the depreciation and 
interest, as shown in Fig. 1 for tractors operated fewer than 
400 hr per year, is represented by obsolescence. Average 
life of the wheel type tractors as estimated by the operators 
is listed in Table 1. The last column in the table indicates 
that most of the tractors used less than 400 hr per year 


would be obsolete before they could be operated an average 
number of hours of life. 


Cost (Except Fuel) Per Rated Drawbar Horse power- 
Hour. All costs (except fuel) were reduced to a common 
denominator called “cost per rated drawbar horsepower- 
hour’. That factor was derived by dividing the annual cost 
of all items except fuel by the rated drawbar horsepower 
and the quotient by the hours of operation per year. 


Greatest variation in cost (except fuel) per rated draw- 
bar horsepower-hour was associated with the number of 
hours the tractors were used during the year. Fixed charges 
caused high hourly costs for tractors operated only a few 
hundred hours per year. Fig. 1 and Table 2 show that most 
of this variation was due to depreciation and interest. 


Tractor Groups. Tractors were classified according to 
their rated drawbar horsepower. Original groups were 6 
to 10, 11 to 15, 16 to 20, 21 to 25, and 26 to 30 rated 
drawbar horsepower. The 11 to 15 and the 16 to 20-dhp 
groups were combined because there was only one make 
and model of tractor rated from 11 to 15 dhp, and because 
there was no significant difference between the two groups. 
The conversion of costs to horsepower-hour units permitted 
an additional grouping of the 11 to 30-dhp tractors for the 
charts and some of the tables. 

The 6 to 10-dhp tractors were kept separate from the 
larger sizes in Figs. 1 and 3 and in the tables because their 
costs (except fuel) averaged 58 per cent more per rated 
drawbar horsepower-hour. Most of this difference was due 


TABLE 2. FIXED COSTS AND OPERATING COSTS, EX 
CEPT FUEL, PER RATED DRAWBAR HORSEPOWER- 
HOUR, ACCORDING TO HOURS OPERATED 
(WHEEL TYPE TRACTORS) 


Cost per rated drawbar horsepower-hour, cents 


Fixed cos 
plus oper 
ating cos’ 
except fuc! 


Rating Range in 
of operation 
tractors, during 
dhp year, hr 
6-10 100-199 
200-299 
300-399 
400-499 
500-599 
600 and 
over 


100-199 
200-299 
300-399 
400-499 
500-599 
600 and 
over 22 ‘i 
*Includes depreciation, interest, insurance, taxes, and housing. 
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FIGURE 1. 
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to depreciation and interest, which were 44 per cent higher 
per rated drawbar horsepower-hour for the smaller tractors®. 
A detailed comparison of Figs. 2 and 3 shows that every 
tractor in the 6 to 10-dhp group was higher in these costs 
than any of the larger tractors operated a similar number 
of hours per year. 

Figs. 2 and 3 show how little the cost (except fuel) per 
rated drawbar horsepower-hour of each tractor in either 
group varied from the curves. It was interesting to note 
that there was no significant difference between makes or 
between sizes within either the 6 to 10 or the 11 to 30-dhp 


Statistical tests of significance of differences between groups of 
tractors were made by matching individual tractor costs in one group 
with those in another and using the variance method. The dif- 
ference between the 6 to 10 and the 11 to 20 rated drawbar horse- 
power sizes were highly significant, both in regard to all costs 
(except fuel) and also depreciation and interest charges. F = 37 
vhen all costs (except fuel) were compared and F= 25 when 
Jepreciation and interest charges were the basis of comparison. 


groups. The range from the minimum to the maximum 
cost (except fuel) per rated drawbar horsepower-hour for 
the central two-thirds of the 11 to 30-dhp group is shown 
in Fig. 4. 

Fuel Costs Per Tractor Hour. Fuel costs per tractor 
hour vary with rate of consumption and cost per gallon. 
The average cost per gallon for fuel used by the tractors in 
this study was 9 cents, but it varied between counties and 
between operators in the same county. 


Tractor Efficiency. The rate of fuel consumption is an 
approximate measure of the power developed by a tractor. 
Varying load data from the department of agricultural engi- 
neering indicates that the horsepower developed by a tractor 
decreases with a diminishing rate of fuel consumption and 
the decrease in horsepower is more rapid than the change 
in rate of fuel consumption because it requires considerable 
fuel for idling. To produce economical power, a tractor 
should be operated at or near its rated load. 


ae: UC tll Oe) | lk a, See : 
ae nea hy ; 
d 
ee 349 : 
Z- £43 ~ 
| = oe 
a ) : | | 
G e oo ‘te | 
M2 TRACTORS RATED ice | 5 
| G vrocrons | "2 eS || | 
Bi 6-10 DBHP | a 24 | 
a oan Gis Ge Ga oe. os ee ee id eee 
es | ra a - ee 
| | eve Sy ie ee ore 
iW | = Sac SRS! SARA TS GS ls, GS 
san | | | N 
| | & | | | 
| * G “a ° 7 rE _ - wa < 
22 = — vA : 
: pai Td Pea] 
t A bo 2 
2 be |. 
t s : ; Se 
: ; : : = 
a s if ga 
0 oe — 
ee: oo 
a 
| 1 | 
po 1 
F 
| i 
) 
5 s 1 
| 
4 
e : 
S. 1 p | | 
d : en ee | 
e il | | 
ee = ee 
1€ | | | | 
‘ | 
ir : ee - 
od ' | : 
ue | 
o% = 700 00 . -539 3es -499 3% -608 
ee... TRACTOR OPERATING TIME PER YEAR HOURS 
X 
nts i 
OS 
er 
Ost 
—_ 
j —-. -—= 
7 
) ; 
) 7 
) 7 
] : 
) 
acoe i : ae OF es AM cilia: SG me oe ig er” cera > > Nea” ae eg 
TEES Es ma ae. a Pe (I ere, cee Bra a eee Pe ; ph ean: a 


350 


TABLE 3. VARIATION IN AVERAGE TOTAL COST PER 
TRACTOR HOUR FOR ALL KINDS OF FARM WORK 
WITH CHANGES IN THE PRICE OF FUEL— 
TRACTORS OPERATED FROM 400 TO 499 
HOURS PER YEAR 


Fuel price Cost for range in tractor sizes, cents 
per gallon, (Rated drawbar horsepower) 
cents 6-10 11-20 21-25 26-30 
7 42 46 63 Fz 
8 43 48 65 75 
9 44 49 68 78 
10 46 51 70 80 
11 47 53 72 83 


A tractor, in order to be big enough to handle the 
largest loads required, must be operated on partial loads 
some of the time. If the motor is throttled to a lower speed 
and the tractor is operated in a higher gear, there will be a 
saving in fuel on those light loads and the forward speed 
may be held fairly constant. 

Total Costs Per Hour. How much does it cost per hour 
to operate a tractor on the drawbar? First, -it is necessary 
to know the size of the tractor, the approximate number of 
hours it will be operated during the year, and the rate of 
fuel consumption. For purposes of illustration the average 
rated drawbar horsepower of the 11 to 20-dhp group is 
used, along with the assumption that the tractor is operated 
between 400 and 500 hr per year and requires 1.8 gal of 
fuel per hour at a cost of 9 cents a gallon. Cost per rated 
drawbar horsepower-hour (2 cents) is obtained from Table 
2. With this information the calculations are as follows: 


Drawbar horsepower 16.63 

Average cost (except fuel) per dhph (Table 2) $0.02 

Dhp x [cost (except fuel) per dhph]} $0.33 

Fuel, gph 1.8 

Price per gallon $0.09 

Gph x (price per gallon) $0.16 
Total cost per hour $0.49 


This illustration using an average horsepower rating 
may be varied to fit any size of wheel type tractor from 6 
to 30 rated drawbar horsepower. The most recent bulletin 
on the Nebraska tractor tests gives the rated horsepower 
for all current models authorized for sale in Nebraska. 

It has been assumed that belt loads cost the same per 
hour as those on the drawbar, the only variable being the 
rate of fuel consumption. Therefore, the drawbar load costs 
(except fuel) may be applied to belt jobs. 


TABLE 4. VARIATION IN ACRES COVERED PER HOUR 
WITH EQUIPMENT PULLED BY TRACTORS OF 
11-20 DRAWBAR HORSEPOWER RATING 

Acres per hr 
Variation for 


No. of central 2/3 of 

Equipment Size tractors Ave. the tractors? 
Binder 8-ft 12 2.0 1.6 to 2.4 
Combine 5 or 6-ft 7 1.4 1.2:to 1.7 
12 or 14-ft 8 2.6 2.1 to 3.1 
Cultivator 2-row 22 2.3 1.8 to 2.8 
8-ft 6 3.4 2.8 to 4.0 
Disk, single 9 to 11-ft 12 37 2.8 to 4.6 
12 to 16-ft 8 4.6 2.7 to 6.5 
Disk, tandem 7 or 8-ft 9 2.5 1.9 to 3.1 
9 or 10-ft 8 4.4 2.9 to 5.9 
Drill 7 or 8-ft 18 25 2.0 to 3.0 
9 or 10-ft 16 3.5 2.4 to 4.6 
Harrow, peg tooth 15 or 16-ft 10 5.4 3.0 to 7.8 
18 or 22-ft 13 5.9 4.1 to 7.7 
Lister 2-row 32 2.1 1.7 to 2.5 
Lister cultivator 2-row 14 2.4 1.8 to 3.0 
Plow, moldboard 2-14-in 27 0.9 0.8 to 1.0 
3-14 or 3-16-in 10 1.4 1.2 to 1.6 
Rod weeder 12-ft 7 4.6 4.1 to 5.1 


7The variations in Table 4 were derived by taking the “means” 
minus and plus the “standard deviations’. 


AGRICULTURAL ENGINEERING 


Table 3 shows how the price of fuel will affect the 
total cost per hour for operating a tractor. These data were 
compiled from average ratings of tractors and from average 
rates of fuel consumption on all jobs. 


Cost Per Acre for Tractors on Specific Farm Operations. 
How much does it cost per acre to operate a tractor on 
drawbar jobs? Tractor cost per acre will depend upon sev- 
eral factors, including the kind and size of equipment, the 
speed of operation, the type and condition of the soil, and 
the quality of work desired. The variation in speed, as 
evidenced by the acres covered per hour (Table 4), is an 
important factor for the operator to keep in mind because 
he can control rate of travel to a certain extent. 

An operator can estimate the acres he can cover per hour 
in performing a field operation. He can also calculate the 
tractor cost per hour by the method described in the pre- 
ceding section. Then, tractor cost per hour divided by 
acres per hour will give cost per acre. 


CONCLUSIONS FROM THE COMPLETE STUDY 


1 Tractor costs on drawbar loads may be computed 
for any make or model of wheel type tractor rated from 6 
to 30 dhp by the method described. The drawbar cost rate 
for all items except fuel may also be applied to belt jobs. 


2 The average cost per hour on all jobs for tractors 
operated from 400 to 499 hours per year with fuel figured 
at 9 cents per gallon varied from 44 cents for those rated 
from 6 to 10 dhp to 78 cents for the largest tractors in- 
cluded in the study (Table 3). 


3 Table 3 shows that the total cost per hour of operat- 
ing tractors rated from 6 to 30 dhp varies from one to three 
cents for every cent of fluctuation in the price of fuel. 


4 Low costs per tractor hour are a result of using the 
tractor a great many hours per year. Costs other than fuel 
were over twice as high per hour on tractors operated from 
200 to 299hr per year as for those used over 600 hr 
annually (Table 2). 

5 Low costs per tractor hour are associated with low 
costs per horsepower-hour only when the tractor is operated 
at or near rated load. Therefore, the goal should be to 
adjust the load to the capacity of the tractor. 


6 A load that is too small for a tractor may be in- 
creased by one or more of several methods, such as the use 
of wider equipment, multiple hookups, or a higher speed 
of travel. 

7 If it is necessary to operate a tractor at partial load, 
the fuel consumption may be decreased by running in a 
higher gear with the engine throttled to the desired speed. 
It is usually economical to operate a tractor in the highest 
gear that can be used on a given load. 


8 If an operator discoveres that his tractor uses more 
fuel than the rated load rate, he would do well to check 
up on the fuel adjustments, the condition of the motor, 
or both. 

9 The cost per unit of available power for tractors 
rated from 6 to 10 dhp was higher than for the larger sizes. 
Most of the difference was due to depreciation and interest. 


10 No particular make or model of tractor within 
either the 6 to 10 or the 11 to 30-dhp size groups held any 
advantage in cost per rated drawbar horsepower-hour. 

11 This analysis does not include labor or machinery 
charges. Fixed and operating expenses on the machinery 
may be computed by following the steps described for 
calculating tractor costs':?;*-4.5, Both machinery and labor 
expenses should be added to tractor costs for the complete 
cost analysis of an operation. 
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The Operation of Rural Electric Lines 


OMETIMES I feel that the general public thinks that 
the only requirements for electric service are a source 
of power and some electric distribution lines, entirely 

overlooking the problem of operating and maintaining these 
lines and rendering acceptable service. This is a terrible 
fallacy and some day there will be a rude awakening. This 

problem will increase in seriousness as lines are extended 
farther and farther into the rural areas, and as lines now 
in service grow older. 

It is not my intention to confine my remarks to the 
practices or experiences of any one company ox to pose as an 
expert in the operation of rural lines; however, my remarks 
apply rather accurately to rural lines such as are found in 
the southeastern United States. 

Rural electric service is judged by at least three things: 
rates, service, and the understanding which the customers 
and the public have of the service organization. The de- 
mand for satisfactory service on rural lines increases rapidly 
as the business is properly developed. Customers who 
depend on electric service for their water supply and the 
proper operation of their sanitary facilities, as well as the 
preparation and refrigeration of food, require and will 
demand satisfactory service. Customers, who are supple- 
menting their incomes through activities they did not engage 
in prior to receiving electric service, such as dairying, ice 
making, chicken raising, propagation of plants, and the 
operation of roadside stands equipped with electric lights, 
pumps, and other equipment, will insist on satisfactory ser- 
vice as important to the financial success of such ventures. 

Unfortunately, both for the operating organization and 
the rural customer, there is no reliable means of communi- 
cation in the majority of the areas now served by rural lines. 
The lack of communication frequently means long delays in 
reporting outages and of course mak¢s clearing of trouble 
more difficult. Long interruptions will soon cause the rural 
user to hesitate before becoming more dependent on electric 
service; and the desire to be less dependent will be created. 

In general, the average rural customer will not receive 
as good service as the average urban customer. However, 
the responsibility for satisfactory service to rural customers 
has already been accepted by most operating organizations 
in the Southeast, and the object of this paper is to discuss 


broadly the problems with which we are confronted as a 
result. 


PRELIMINARIES TO ELECTRIC SERVICE 


There are a number of things the customer should know 
either before or shortly after his electric service is estab- 
lished. He should know the cost of service. Some organi- 
zations think this is so important that they have competent 
employees explain their rates, and then have the customers 
sign a prepared card on which an example of a typical bill 
is worked out. This is particularly important where an 
objective type of rate is in effect. 

The customer should be advised concerning the wiring 
of his home and the point on his premises where his service 
will be established. At least one utility has prepared and 
uses a “prospective customer letter”, which gives briefly cer- 


Presented before the Rural Electric Division at the annual 
meeting of the American Society of Agricultural Engineers at State 
College, Pa., June 18, 1940. The author is superintendent of dis- 
‘ribution, Alabama Power Co. 
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tain advice and recommendations concerning wiring, char- 
acteristics of the current that will be supplied, the voltage 
of lamps to use for best results, and the phase and voltage 
of motors to purchase. On the reverse side of that letter 
are two detail drawings of service entrances one covering 
the minimum requirements of the National Electrical Code 
and the other a recommended service entrance. Unfor- 
tunately from an economic standpoint, the average farmer 
in my section will not take the following advice of a father 
to his son: “This is a free country, but do as you are told”. 

The customer should certainly know who to call on in 
case of trouble, the services the operating organization will 
render, and where to pay his monthly bills. This may be 
accomplished through a bulletin with some such title as 
“Service Suggestions”. This bulletin would advise the cus- 
tomer of the availability of the services, if such are avail- 
able, of a home economist, a lighting specialist, an agricul- 
tural engineer, an appliance repair man, and so on. This 
bulletin would also advise the customer of the purpose of 
fuses or circuit breakers, the dangers involved in bridging 
fuses, the value of time-delay type fuses in motor circuits, 
what to do in case of an interruption of his service, and the 
danger of cutting trees near lines. 


METER READING, BILLING, AND COLLECTING 


Expense involved in meter reading, billing, and collect- 
ing on rural lines is much greater per customer than are 
corresponding urban costs. This is due to the necessity of 
automotive transportation, distances involved, and time 
required. The growing volume of this class of work will 
certainly warrant investigations to determine if the work 
involved can be handled at less cost. 

Careful consideration should be given to the arrange- 
ment of meter routes or scheduling of work to be done to 
avoid any unnecessary riding time. This is particularly 
important during periods when customers are being added 
rapidly. 

If possible, meter reading schedules should be arranged 
so that delinquent collections and “cut-outs” can be handled 
by the meter reader on his regular trips. This would require 
careful scheduling; however, possible savings are large. 

I would like to call particular attention to the oppor- 
tunities presented to@ rural meter reader. It seems to me 
that a meter reader on rural routes can, and should, be an 
entirely different type of employee from that used in the 
larger towns where all classes of employees are readily 
available. A properly selected employee for rural meter 
reading and collection work can turn in valuable reports to 
his supervisors regarding hazardous tree conditions, the 
condition or position of repeater fuses, low clearances, 
damaged lines and equipment, and other conditions which 
should be corrected. What I am trying to do is to bring 
out the difference between a meter reader intent only on 
reading meters and an employee who reads meters but is 
also intent on being of maximum value to his employer. 


OPERATION OF RURAL ELECTRIC LINES 


Mileage of rural lines in service in the Southeast is 
enormous, and is still increasing. What are the troubles that 
are being experienced in the operation of these lines, or 
what causes and conditions are most apt to bring trouble 


and expense, and what can we learn from our experiences 
with such lines? 
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(LEFT) REPEATER FUSE INSTAL- 
LATION. TWO OUT OF THREE 
FUSES HAVE BLOWN ON RIGHT- 
HAND FUSE, ONE FUSE HAS 
BLOWN IN EACH OF THE OTHER 
TWO FUSES, AND THE LINE IS 
STILL GIVING SERVICE. (CENTER) 
AUTOMATIC INSTANTANEOUS RE- 
CLOSING OIL CIRCUIT BREAKER 
INSTALLATION. (RIGHT) VOLTAGE 
REGULATOR INSTALLATION 


I venture to say that the operating troubles of the ser- 
vice organizations in the Southeast are similar and are about 
as follows: 


1 Outages from oil circuit breaker operations and fuse 


blowing 

Tree contacts and falling trees 

Lightning damage to poles and insulators 
Equipment and equipment failures 

Radio interference 


Lack of coordination studies and other studies perti- 
nent to rendering good service. 


Oil Circuit Breaker Operations and Fuse Blowings. 1 
believe that most organizations are having too many out- 
ages from the operation of repeater type fuses and pole type 
oil circuit breakers in cases where no permanent trouble is 
located. This is a problem which warrants careful investiga- 
tion, and it seems that the solution lies along the lines of 
additional or improved lightning protection, better applica- 
tion of equipment, and equipment having a wider range for 
coordination. The solution, whatever it may be, will call 
for additional investment in equipment to reduce operating 
expenses. 

Some of the questions which arise in this connection are 
as follows: 


1 At what intervals should lightning protection be 
installed; or is protection only at transformer installations 
sufficient ? The number of protection points, of course, will 
increase as new customers are served from existing lines. 


2 What is the exposure limit, in miles of single-phase 
circuit, for good service when protected by a pole-top oil 
circuit breaker of the instantaneous reclosing type? Is it 40, 
60, 80, or 100 miles? 


3 What should be the exposure limit for a repeater 
type fuse, 10, 15, or 25 miles? 


I do not have the answers to these questions, but am of 
the firm belief that in many cases circuits are being extended 
too far for the types of protective equipment used; and 
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perhaps the lower figures mentioned above should be con- 
sidered upper limits. 

There is, in my opinion, a definite field for a small 
reclosing oil circuit breaker with time delay characteristics 
and variable tripping values. At least one manufacturer 
now has such equipment under test. It is hoped this equip- 
ment will prove superior to presently available equipment. 

Ideas vary widely as to what should be used to protect 
rural circuits at substations. Some seem to think that a 
high-capacity oil circuit breaker fully equipped with relays 
is required; others, that instantaneous reclosing pole-top 
oil circuit breakers will give satisfactory service; and in 
some cases only repeater fuses are used at substations sup- 
plying several hundred miles of lines. The investment 
required is probably the determining factor in two of the 
cases just mentioned. In the first case the investment 
required is on the order of $2,500; and this may drop to a 
minimum of $150 in the last case. 

I feel certain that there is a market for a reclosing oil 
circuit breaker with rupturing capacity suitable for 300 to 
450-kva (kilovolt-amperes) substations if such a breaker 
can be purchased complete for a reasonable price, say, $800. 


Tree Contacts and Falling Trees. The majority of rural 
lines in the Southeast are of the solidly grounded, common 
neutral type, a type originating about 1925. This type of 
line is more economical to build and safer to operate than 
an ungrounded line. Conductor breaks and tree contacts 
on common neutral lines usually mean interruption of ser- 
vice—that is, if lines are properly protected and are not 
unduly long. This line characteristic is a public safeguard 
but a ‘‘pain in the neck” to the operator. 

Some organizations have made it a practice to construct 
lines on state or county highway rights-of-way, which prac- 
tice gives the operator no clearance rights or rights of per- 
manent position. Others have purchased private rights-of- 
way which, in the majority of cases, give clearance rights 
and permanent line position. The private right-of-way plan 
is decidedly preferable if the line can be patrolled from the 
highway. If the line was not properly cleared when con- 
structed, the operating man is left with a real problem; and 
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although the construction cost may have been low, the sav- 
ings in operating expense in many cases would pay a good 
return on the additional money required for construction 
according to a different plan or for — clearing the line, 
if tree hazards were present. Incidentally, private right-of- 
way is also a safeguard against “‘low-flying automobiles”. 

In general, I believe that to clear rural lines of danger 
timber, in accordance with transmission line practice, is 
impractical, but tree trimming, inspections to locate dead 
and diseased trees, and the removal of same is justified. 

From the number of line interruptions caused by care- 
lessly felled or burned trees, it seems that real woodsmen 
are nearing extinction, and that there are still quite a few 
farmers who “burn the woods for fun”. 


Lightning Damage to Poles and Insulators. The prob- 
lem of lightning protection on rural lines is more difficult 
than in cities, due to soil conditions, lack of underground 
piping systems, and lack of shielding by buildings. The 
problem of lightning protection in the Southeast is par- 
ticularly serious due to the high isokeraunic level or fre- 
quency of lightning storms. I am told that even though the 
frequency of electrical storms in other areas is less, the 
storms may be just as severe, so this problem is rather 
general. 

Experience has shown that the destruction of poles by 
lightning may be reduced to a minimum by grounding, but 
the grounding of poles and pole cap pins on rural lines 
increases the number of flashovers during storms and im- 
poses a more severe burden on other equipment. Experience 
of one company indicates that a 2-in gap in the ground 
wire over 4 in of the pole will reduce the number of flash- 
overs and still protect the pole from damage by lightning. 
Gaps may be cut in the ground wires safely with lines in 
service by men using rubber gloves. 

There should be relatively little trouble from insulator 
failures on lines of 7,000 volts or less. There have, how- 
ever, been some mean cases of trouble from insulators on 
steel pins puncturing to the pins. This indicates a manu- 
facturing defect in the insulators, as insulators correctly 
manufactured should flashover without puncturing. These 
statements refer to insulators rated 15,000 to 20,000 volts 
with wet and dry flashover values of 35,000 to 75,000 volts, 
respectively. 


Equipment and Equipment Failures. In my opinion pole 
type equipment such as voltage regulators, oil circuit break- 
ers, and repeater fuses have given satisfactory performance 
when the conditions of service were given proper weight. 
There have been some improvements in recent months in 
pole type voltage regulators and oil circuit breakers which 
should further improve performance. 

During the past five or six years manufacturers have 
offered numerous types and combinations of transformers 
and protective equipment for rural lines. Some of these 
were manufactured under pressure in an effort to reduce 
the first costs on rural lines. On the other hand, one manu- 
facturer set out in 1934 to make an ideal transformer, or a 
completely self-protecting transformer. The company I 
represent, after careful studies, decided to cooperate fully 
with this manufacturer in the effort to produce the ideal 
transformer, and has installed thousands of them. There is 
not as yet a completely self-protecting transformer, or any 
combination of transformer and protective equipment, that 
is all that is to be desired. However, in many cases a ma- 
terial improvement in service has been effected by substi- 
tuting the completely self-protecting type for the conven- 
‘ional transformer. 
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One large utility company’s experience with type CSP 
transformers during the year 1939, largely in rural service, 
was as follows: 


Number of CSP transformers in service, 10 kva 


and smaller 9,611 
Capacity of CSP transformers, 10 kva 

and smaller 38,688.5 kva 
Total removals on account of unsatisfactory 

operation, number 115 
Total removals on account of unsatisfactory 

operation, kva capacity 463.5 
Capacity removed, expressed as percentage of 

capacity 1n service 1.20 


Type CSP transformer winding failures, number 50 


Type CSP transformer winding failures, 
kva capacity 221.5 
Winding failures in per cent of capacity in service 0.57 


The operation and failures of meters on common neutral 
rural lines has been and is now being carefully studied by 
both manufacturers and utility men. Some recent investiga- 
tions indicate that there is no cause for alarm, so far, over 
inaccuracy of rural line meters due to the effect on the per- 
manent magnets of lightning discharges; and that recent 
improvements in magnets will more than take care of any 
adverse effects. Several manufacturers now furnish meters 
with Alnico magnets, which strongly resist adverse light- 
ning effects. 

Meter failures from lightning on rural lines have been 
a considerable item of expense due to their remote locations. 
One utility's meter failures on rural lines due to lightning 
in 1938 approximated 3 per cent of the total meters on its 
rural lines. The ratio of failures of outdoor type detachable 
meters to the conventional type indoor meter was ten to one. 
The majority of these failures were in areas where low 
ground resistances were impractical from the standpoint 
of cost. 

Meter failures are to be expected in cases where the 
ground connection on the customer's wiring has a lower 
resistance than that of the line grounds in the same vicinity. 
What can be done from a practical and economical stand- 
point, when the conditions include a low-resistance ground, 
such as a deepwell casing on the customer’s premises, and 
all of the poles in the vicinity are set in rock providing a 
high-resistance ground ? 

It would seem that a spill-over gap of some kind might 
provide a solution. Such a gap would be placed where the 
high secondary potentials from induction and _ protective 
equipment discharges would be shunted around the meter 
and the customer's equipment. At any rate one utility is 
experimenting along these lines in an effort to reach a 
solution. Final and conclusive results of this experiment are 
not as yet available. Several manufacturers are offering 
meter protectors at approximately $2.00 each, which is too 
high. The enclosed gaps being used in the experiment just 
referred to were furnished by a manufacturer for $1.00 and 
this price is also too high. 

Meter failures are not the only troubles that result from 
the conditions just described. Others are complaints from 
customers due to damages to inside wiring; also failures of 
appliances such as refrigerator motors, range units, and 
water heater elements. This is not only a problem of the 
user and the supplier of service, but also of the appliance 
manufacturer, particularly if the manufacturer sells his prod- 
ucts under a firm one year guarantee, as is quite customary. 
I would like to emphasize the seriousness of this problem 
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and hope that we may cooperate in working out a practical 
and economical solution. 


Radio Interference. Radio interference can destroy cus- 
tomer good will. A great deal of time is often required to 
locate the sources of interference and make. corrections. 
Proper equipment is essential for this work. Satisfactory 
results can usually be secured with a good automobile radio 
with rectifier type milliammeter inserted in the speaker cir- 
cuit. The meter scale should be approximately five milli- 
amperes. Watching the meter indicator will be more effec- 
tive in locating the cause of the interference than listening 
to the noise. 


The most frequent cause of radio interference on the 
average rural line is that some piece of equipment or hard- 
ware is loose. Loose clamps, tie wires, hardware, or con- 
nections are the worst offenders. Bolts holding pole cap 
pins can be tightened safely by men wearing rubber gloves. 
This method is much faster than using insulated wrenches, 
and preferable to taking lines out of service for this work. 


Radio interference is seldom caused by insulators on 
lines of 7,000 volts or less if equipped with insulators rated 
at 15 kv or more. Therefore, changing insulators should 
be a last resort. However, there are many miles of rural 
lines in service equipped with insulators of lower rating to 
which this statement may not apply. 

Interference induced in parallels with higher voltage 
lines can be eliminated by corrections on the higher voltage 
line. Where the trouble cannot be stopped at the source, 
properly designed choke coils in the lower voltage line at 
the ends of the parallel will limit interference to the parallel 
section. 

Except in the case just mentioned, the best preventive 
of radio interference on rural lines is the careful selection 
of clamps of all kinds, the use of locking devices on all 
nuts, avoidance of small gaps between metal parts, and 
good workmanship. 


Lack of Coordination and Other Studies Related to 
Good Service. The use of protective equipment, without 
knowing what it is reasonable to expect of the equipment, 
may result in poorer service than if no protective equipment 
were used. Proper coordination of protective equipment 
requires a careful study of the fault currents that may be 
imposed on the equipment. 

The instantaneous opening feature of pole type oil cir- 
cuit breakers practically precludes the use of fuses in series 
with them. It is hoped that pole type breakers will soon be 
available with time-delay features which will permit satis- 
factorily cascading fuses and breakers in series. 


MAINTENANCE OF RURAL ELECTRIC LINES 


For this discussion I wish to qualify the term “mainte- 
nance” to mean replacements due to deterioration, rather 
than repairs due to accidents or storm damages. 


The maintenance problem is, I believe, for most com- 
panies in the Southeast, a problem of the future. Our lines 
are not yet old enough to require wholesale pole replace- 
ments, that is, where poles of long life have been used. The 
same is true of conductors, assuming that conductors were 
not damaged during installation. However, if precautions 
have not been taken to protect conductors against vibration 
and burns under clamps incidental to flashovers, expensive 
conductor maintenance may develop much sooner than 
expected. I would advise any operator of rural lines who 
knows that flashovers are occurring from conductor to pins 
on his lines, to carefully investigate the condition of the 
conductors at flashover points to determine what damage is 
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being done to the line conductors. Armor rods on alumi- 
num conductors will prevent serious damage to the con- 
ductors from both vibration and flashovers. 

If costs are to be kept within reason, rural line work 
must be most carefully organized. Systematic inspections by 
qualified inspectors must be carried out. Automotive equip- 
ment of proper weight and design must be used, and studies 
should be made to determine the advisability or economy of 
increasing the use of mechanical equipment. Tractors equip- 
ped with winches and derricks are being used by some 
utilities in construction and to move energized lines which 
must be relocated on account of highway improvements. Air 
drills and dynamite are also being used to advantage where 
poles must be set in rock. 


CONCLUSION 


There are a number of points that could have been dis- 
cussed under the subject of operation of rural lines, which 
have not been referred to. The points discussed have been 
covered broadly. A number of the problems touched on 
have not been solved. 

The points I have tried to emphasize are as follows: 

1 Customers should know what to expect from the 
utility. 

2 There is an opportunity for material savings through 
careful organization of meter reading and collecting routine. 

3 Securing proper clearance from trees is a serious 
problem; dead and diseased danger trees should be removed. 

4 Coordination of protective equipment is essential to 
satisfactory operation, but is difficult to secure with present 
equipment. 

5 Better lightning protection for meters and customers’ 
equipment on a practical cost basis is needed. 

6 A satisfactory oil circuit breaker for rural substations 
at a reasonable cost is needed. 


7 Careful studies to coordinate equipment and reduce 
operating and maintenance costs will pay good dividends. 

8 Careful selection and proper installation of clamps 
and hardware is essential in preventing radio interference. 

9 Heavy maintenance on well-designed and well- 
constructed lines is still a problem of the future. 


Finally, there is one other thing I would like to suggest 
for your consideration. As you know, there are two kinds 
of rural lines: Those built at the lowest possible cost to 
meet a social and political situation and those built at a 
higher cost to do this, but also with a view to rendering 
good and adequate service and paying their way, or even 
making a profit. As to the first, it is sufficient to study the 
problems of operation and maintenance with a view of 
keeping the costs to a minimum, making the best of a 
necessary evil. If you have the second variety, the problem 
is much more complicated and is combined with another 
just as big. I refer to the building of the rural line load to 
the point where the service will become a necessity and 
a possible source of profit. Left to himself, the rural cus 
tomer tends to be a minimum-bill customer, using electricity 
for a few lights and the radio. This tendency must be over- 
come. This job cannot be left entirely to sales organiza- 
tions, if there is any regard for cost, but affords a fine 
opportunity for guiding and bending operating and mainte. 
nance functions so that they cooperate with and reinforce 
sales efforts. If this is done, it is not too much to expect 
that rural lines which have been wisely built may become a 
source of satisfaction and profit to both the user and the 
operator. 
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A Philosophy of Farm Structures 


By E. E. 


PRESIDENT, AMERICAN SOCIETY 


IG ISSUES are stirring in the rural districts of Amer- 
ica. The farming communities, and the small towns 
dependent on them, have reached a stage of genuine 

and confident prosperity. It is no longer a question whether 
they can live through the winter and pay the interest on the 
mortgage. The main problem is not how to make more 
money, but how to live more comfortably. The way the 
farmers spend money for automobiles proves this.” 

The foregoing is quoted from the preface of a book on 
rural improvement published twenty-six years ago. I do not 
know the author nor the immediate area he had in mind as 
he wrote that paragraph, but, in part at least, we may ques- 
tion its accuracy as we find conditions in most sections of 
our country today. 

To make two blades of grass grow where one grew 
before, to produce better varieties of crops, to produce and 
utilize breeds of animals which gave a better return for 
their feed and care—or, as the engineer would say, operat- 
ing at higher efficiency—have been worthy objectives of 
most farmers for many years, and these efforts have been 
prompted largely by the desire for greater income. 

Our attention has repeatedly been called to the contrast 
between farming as an industrial enterprise and farming 
as a mode of life. We recognize some of the economies 
attained on farms of the industrial type, notably the better 
balance between equipment investment and acres or annual 
hours of operation. But despite these economies and advan- 
tages, or necessities which promote this type of farming in 
certain rather restricted areas, the vast majority of our farms 
are of the family type and at present there appears to be 
no marked trend away from the type of farm which charac- 
terizes our American agriculture as a mode of life with the 
family its center, its governing board, and the operating 
staff of its many diversified enterprises and activities. 


VARIATIONS IN LIVING STANDARDS 


This mode of life, of course, has different levels—good, 
indifferent, bad. And, although some sections of our coun- 
try perhaps have had more than their share of adverse 
publicity, I believe it is true that no community or area of 
any considerable size can truthfully claim that all of its 
farming is of the highest order and none of it is bad. We 
are all aware of many of the factors involved—the natural 
conditions which may favor or handicap success, soil, 
weather, topography—the ability of the family to organize 
and plan, and the will, energy, and perseverance to execute, 
these and other factors, which, taken with others of our 
social and economic structure, lead to an innumerable 
combination of variables to which no fixed solution applies. 

With these thoughts in mind, we may approach the 
problems of farm structures or improvements. At present, 
major attention is being directed to the farm dwelling 
house, its bad appearance, its bad arrangement, its general 
inadequacy. While most of us will admit that there is 
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plenty of room for improvement, we may well inquire into 
the background of some writers and scrutinize carefully the 
standard which they seem to consider a minimum. That 
brings us to the much-used and never-defined term ‘“‘stan- 
dard of living”. Every one of us knows someone or has 
heard of someone who would not believe our standards of 
living (yours and mine) adequate or satisfactory. Within 
this group there is doubtless considerable range. For my- 
self I am certain I would be fully as uncomfortable and 
unhappy attempting to live by some so-called high standards 
of living as would an individual from that stratum were 
he to try my standard. Likewise I am sure I would be 
equally uncomfortable and unhappy if I were compelled to 
live in the meager shelters so commonly seen in some sec- 
tions and too frequently seen in others. Surely the term 
“standard of living” is not fixed or uniform; there are 
numerous standards of living in America today, and if the 
government of our forefathers survives, it is probable that 
this will continue. However, we can use our best efforts 
to reduce the number of these standards and reduce the 
range between the extremes that now exists. In our concern 
about our rural housing with all its intriguing engineering 
and architectural problems, let us not forget the human 
elements involved. 


WHAT IS ADEQUATE HOUSING ? 


The first demand on income of the lowest standard 
group is for food, and this income should supply both the 
quantity and the variety required for an ample, well- 
balanced diet. Education and training in food values, in 
buying and preparation, should bring more calories and 
vitamins and better health, and good health is an essential 
element upon which to build. It is obvious that housing 
should supplement this good-health food program and in 
no way should any feature of the housing interfere with or 
retard the realization of the full benefits of proper food. 

Now we approach that other questionable term, ade- 
quate housing, which is a part of our standard of living 
problem. The house that may be satisfactory to the owner 
today may not be a few years hence. Today’s house may be 
so much better than that of yesterday that the family is 
happy with the change, and blessed with a sense of appre- 
ciation that submerges its shortcomings or deficiencies as 
judged by the standards of others. And along with this 
change others may be expected in the years to come. Growth 
of family, education, economic conditions, new materials, 
new methods, new machines have their constant and per- 
sistent effect. The generation which built today’s house 
may not be able to replace it, but the next generation, with 
a fair break, probably will. The old Model T had its day. 
It served well. Many thought it adequate then—few would 
say so today. 

On farms occupied and operated by the owners the 
buildings in large areas are not being properly maintained. 
Roofs, foundations, paint are needed for thousands of farm 
structures if the effects of wind and weather are to be 
restrained. Extension of power lines has brought a new 
servant to the farm home. In some cases installation of 
service has been combined with some remodelling. In 
other places, the expenditure for wiring and electric equip- 
ment has deferred some contemplated changes. This is but 
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another example of the present competition for the farmer's 
dollar. It also illustrates the attitude of caution on the part 
of many farmers. After the experiences of the past few 
years, they hesitate to encumber their future until they see 
the way ahead more clearly. This seems to apply with 
double emphasis to those who still have a good credit rating. 

Tenant-operated farms seem to be with us in increasing 
numbers. In recent years the owners’ revenue from thou- 
sands of these farms has been insufficient to pay taxes, and 
it is not at all surprising that there is noticeable deprecia- 
tion of buildings and fences. Farms can not be sold for 
enough to meet the mortgages on them. However, there 
are many banks, trust companies, and mortgage loan com- 
panies which have become unwilling owners, and which are 
spending money for repairs, and painting buildings to pre- 
serve them and improve their appearance, looking forward 
to the day when this procedure may help make a sale. The 
skilled supervision given to the management of many of 
these farms has had noticeable results. A comment heard 
recently about a farm was, ‘Since the company took it over, 
it has been farmed better than ever before.” 

There is still a definite relation between the quality of 
the house on the tenant farm and the quality, cbility or 
desirability of the tenant. The good tenant wants a good 
farm and on that good farm a house of sufficient size and 
in good repair. The conveniences such as electric service, 
water supply, etc., are added attractions that many landlords 
believe have paid good returns in securing the type of 
tenant who makes money for both himself and the owner. 

A good farm frequently goes without a resident tenant 
because of its poor house. A neighbor may rent the crop 
land, and the community sees another apparently deserted 
farmstead. This owner then probably joins the group which 
says ‘“We don’t want buildings on the land we own—we' re 
better off without them. They add to the taxes, are a con- 
stant expense, and bring no corresponding increase in 
income. 

Interesting questions are raised by this situation. Does 
our present system of taxation discourage farm ownership? 
Does it discourage owner occupancy and operation? Does it 
discourage the construction of buildings and the addition 
of improvements? Does it tend to decrease the number of 
family-unit farms? 


VARIATIONS IN STRUCTURAL TYPES 


As we drive through the farming areas, there is an 
unending variety of structural types for all who are inter- 
ested in farmsteads and their buildings. Contrasting ex- 
tremes of design and construction are sometimes seen in 
one farmstead group. We may wonder why. Was it due to 
change of ownership, change in the nature of the farm 
business, or due to the change of economic conditions? 
When we see a farm dwelling in extreme contrast in size 
and type to the other buildings we may wonder if this is 
the home of a large family, and if, in their anxiety to fulfill 
all their responsibilities to their children, the parents may 
not have gone beyond their needs and means and the house 
has become a burden rather than a blessing. Our specula- 
tion may all be wrong—there may be no children. It may 
have been a wedding present to an only daughter. 

On down the road a big barn dominates the farmstead. 
We think of a dairy enterprise, of purebred livestock, of 
the income-producing side of this farm business. If this is 
one of the tea buildings of this farm, has its design and 
cost met the requirements of economic feasibility and efh- 
cient operation? Are there sags and bulges that boldly 
declare defects in plans, materials, or workmanship? What 
of the other animal shelters? Have they met the prime 
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requisite—sanitation? What about the granary and other 
storage buildings? Do they really pay their way? 

As engineers we are prone to direct our attention to 
the utility of our structures. I hope we are not to be 
blamed for the extreme contrasts in appearance seen in 
groups of buildings of similar number and cost. Good 
appearance has sales value as well as its good influence in 
developing pride of the family in the home surroundings. 


Freak buildings—yes, we see them every day. Why 
were they built? Perhaps to be different; perhaps to try out 
an idea. In this age of change the approved ideas of yes- 
terday may look strange today. 


The delay in making needed repairs and improvements 
and the construction of new farm buildings has been all too 
prolonged. Economic reasons seem sufficient. Is there the 
possibility that in these rapid changes we have lost the urge 
that prompted the pioneer to establish a home on the land? 
Have rolling wheels and purring motors deadened the 
desire for home and the inspiration and stability that come 
with its ownership ? 


PERSONAL FACTORS INFLUENCING HOUSING STANDARDS 


Regardless of our opinions of what should be done by 
the individual, he still reserves the right to spend his dol- 
lars as he chooses, and his choice or point of view may not 
agree with ours. I am reminded of a letter from a farm 
woman to the editor of a magazine. The editor, in review- 
ing the data resulting from a survey of housing conditions 
and conveniences, was somewhat critical in expressing her 
surprise that bathtubs did not outnumber other conveni- 
ences. In her well-written letter to the editor this farm 
woman said that she had no modern bathtub in her home, 
much to her regret, but baths were not neglected. However, 
she did have some of the other items on the list which, to 
the editor, seemed secondary in importance. She told the 
editor that the family income could not cover the cost of 
all the conveniences listed and a careful study had been 
made by the family, and the order of precedence of pur- 
chase was determined in accord with the desires of the 
family. And further she felt that they had ample reason 
for their choice and full justification for exercising their 
own best judgment in selecting the things which their 
limited income could buy. They were the best and final 
judges of the things they desired most. 


Well I remember a day long ago (in the horse and 
buggy days) when I drove with a friend up a little moun- 
tain valley to the home of a pioneer rancher. After staking 
out a small irrigation ditch we were invited to dinner. The 
ranch house was little more than a cabin—perhaps I should 
say a shack, built of rough boards, newspapers pasted to 
the inner surface—small even for the farmer, his capable 
wife, and two little ones. The problem of extra people for 
a meal seemed more serious to us than to the good wife. 
Lack of chairs was promptly met by a box and a chunk from 
a saw log. The table of rough boards was neatly laid but 
with noticeable shortage of tableware. Gracious hospitality 
and poise excluded apologies; there were no complaints 
about lack of space or conveniences. The meal was meage: 
in its variety but wholesome and well cooked. Here was 2 
home “ever so humble”, clean, well kept, and the fore 


runner of the one being planned and dreamed of thai 
should take its place. 


It is from beginnings like this one that our heritage has 
come—our heritage of courage, self-reliance, the will to do 
and do well, and the stamina to see the job through. Let us 
cherish this heritage and pass it in full measure to those 
who are to follow us. 
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P TO now, poultry house design has apparently 
been based on cut and try methods. There are a 
great many independently produced designs, no 
two exactly alike, in spite of the fact that conditions of 
management and climate which they must meet are not 
very different. 

There is a fairly good agreement upon use requirements, 
though unfortunately they are ordinarily stated in general 
rather than specific terms, thereby practically eliminating 
the possibility of rational design. Most poultrymen will 
agree that a house should be managed in such a way as to 
avoid rapid temperature fluctuations, to remain dry, to be 
free from drafts, and to be properly lighted. But no author- 
ities which I have been able to uncover have gone on record 
as to what inside temperature variations can be tolerated 
winter and summer, as to what “dry” is in terms of rela- 
tive humidity of the air at such tolerable temperatures, or 
in terms of percentage of moisture in litters of differing 
physical characteristics, or what rate of convection circula- 
tion inside a house constitutes a harmful draft. We do have 
some recommendations as to window area per unit of floor 
space for adequate illumination, but this has not, so far as I 
know, been related to heat loss in closed houses, or to other 
wall openings in open-front houses which are supposed to 
serve the dual purpose of lighting and ventilation. It should 
not be difficult to formulate and standardize such use re- 
quirements, but until this is done, empirical rather than 
rational thinking must remain the basis for recommenda- 
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CHART 1. RELATIVE VALUES OF AC CHARACTERISTICS 
OF POULTRY HOUSE DESIGNS RECOMMENDED BY 
SEVENTEEN STATES 


A Rational Approach to Poultry House Design 


By J. L. Strahan 
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tions, and recommendations will continue to vary as widely 
as they do today. 


Is the reason for this divergence of opinion that the 
housing problem is not of sufficient importance to justify 
a rational approach involving carefully planned investiga- 
tion? Judging from the number of bulletins available, it 
certainly seems to be a problem that is pressing for an 
answer. It is to me a strange phenomenon, in this day of 
ca.cfully planned, scientific approach to most problems hav- 
ing to do with agricultural production, and of supercaution 
in expressing opinions or publishing partial findings of in- 
vestigations, that pure empiricism should control animal 
housing development. As to poultry house design, I believe 
the situation is illogical and unjustifiable. 

I believe we have available sufficiently accurate physical 
data concerning both birds and building materials, to jus- 
tify an attempt at a logical, rational approach to the design 
problem. As long ago as 1933, Mitchell and Kelley'* pub- 
lished data on heat and moisture production by different 
kinds of birds of all ages and weights, and Kelley has indi- 
cated the possibility of using this data as a basis for design. 
From Ohio State University has come in mimeograph form 
a suggested method? for adjusting insulation of walls and 
ceilings for all kinds of animal shelter buildings to main- 
tain warm and dry conditions, which for the moment seems 
to be more successful when applied to larger animals than 
when applied to poultry. In 1932 I proposed a standardiza- 
tion of heat relation characteristics’ adapted to three dif- 
ferent climatic zones which my own experience had shown 
to give fairly satisfactory results when applied to dairy 
stable design. I believe a somewhat similar application is 
possible and practical for poultry house design. 


The basis for the present discussion is the argument 
that the principal function of a poultry house is to protect 
the birds from extremes of temperature, humidity, and 
wind. In providing for shelter it is only reasonable that 
consideration be given to such factors as heat production by 
the birds, which provides the means for maintaining satis- 
factory inside temperatures; and insulating characteristics of 


*Superscript figures refer to bibliography at the end of this 
paper. 
TABLE 1. COMPUTATION OF AC. 


Design Recommended by Purdue University in Extension Bulletin 
182 (revised August 1936) 


Size of house —20x20-ft, one story. Capacity at 3 sq ft per bird, 133 


Btu lost 

Sub- Materials of Area, Value perhr 
Section section construction sqft of U per deg 
Wall 1 layer %-in wood 106 0.560 59.36 

Front wall Curtain Muslin 24 1.130 27.12 
Glass Glass 20 1.130 22.60 

Wall 1 layer 4-in wood 214 0.560 119.84 

Side walls Glass Glass 10 1.130 11.30 
Doors 1 layer %-in wood 16 0.560 8.96 

Rear wall Wall 1 layer %-in wood 90 0.560 50.40 
* Glass Glass 10 1.130 11.30 

Roof Roof 1 layer %-in wood, 

roll roofing 420 0.516 216.72 

Totals 910 527.60 


A = 910.00/133 — 6.84 = area of exposure per bird in square feet 
C = 527.60/910 — 0.579 — Btu lost per hour per square foot per degree 
AxC = 6.84x0.579=— 3.96 — Btu lost per bird per hour per degree 
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structural materials, singly and in combination, which, in 
conjunction with some means for producing regulated air 
change, constitutes the means for controlling the inside 
weather that the heat from the birds makes possible. These 
essential factors can be related in a single equation which 
postulates that all heat produced is equal to all heat lost, 
the factors being reduced to a per bird basis. The heat 
relation formula has been stated as follows: 


H = (VD/50) + ACD, 


in which H = heat produced per hour per bird in Btu, 


V = volume of air change in cubic feet per hour 
per bird, 


D = difference between inside and outside tem- 
peratures in degrees Fahrenheit, 


50 = number of cubic feet of air raised 1 F by 
1 Btu at slightly above freezing temperatures, 


A = area in square feet per bird of walls and ceil- 
ing exposed to heat loss (floors not in- 
cluded), and 


C = total heat loss from the building in Btu per 
hour per degree, divided by total area of 
exposure to heat loss. (Weighted average 
heat transmission coefficient. ) 


It is particularly to be noted here that when A and C 
are multiplied together the result states the number of Btu 
lost per hour per degree per bird from the house. AC will 
have a value that will be specific and can be computed for 
any design. It will vary with the population density and 
with the general shape and size of the house. It will also 
vary with the insulating characteristics of the materials in 
the building and with the way they are fabricated. AC, 
therefore, is a specific function of the design and use of 
the building and reflects the probable effectiveness of that 
design to meet the essential use requirement of adequate 
environmental control. 


I have used AC as a yardstick to measure and compare 
different designs recommended by state institutions in the 
northeast section of the country. Chart 1 shows how wide a 
difference exists in recommendations from several localities 
in which operating conditions and management factors are 
essentially the same. 


It is probable that there are only two general schools of 
thought embodied in these designs. There are those which 
are intended to be tight for the purpose of conserving heat 
and in which ventilation will be under restricted control, 
and there are those in which no attempt is made to conserve 
heat and in which restriction of ventilation is seldom if 
ever practiced, the so-called open-front type. It is probable 
that the proponents of either type, as, for instance, New 
York and New Jersey in type 1, or Rhode Island and Penn- 
sylvania in type 2, would assume that they were recom- 
mending comparable practices which could reasonably be 
expected to perform in just about the same manner. This 
analysis, however, shows variability of as much as 100 to 
200 per cent within both classes or types of design, the 
variability being of that characteristic most intimately 
related to the primary function of the building. 

Generally speaking, those houses having an AC value of 
less than 2.0 are intended to be tight. Those having an AC 
characteristic of 2.0 or over are open-front and uninsulated. 
There are twelve in the first class and eleven in the second. 

It has occurred to me that the AC characteristics might 
be used as a means of comparison in measuring perform- 
ance in houses of wide differences in design. If precise 
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observations could be made on performance in houses with 
AC characteristics ranging between 0.6 and 4.5, and if these 
observations could be studied and results analyzed, fairly 
definite relations between the value of AC and actual per- 
formance should show up that would lead to justifiable 
recommendations concerning design and management of 
houses for different climatic conditions. Would it not be 
possible to develop some sort of a cooperative investigation 
by means of which data from different sections could be 
correlated in some appropriate central office, and would it 
not be reasonable to expect that from such a study there 
would emerge design recommendations that could be gen- 
erally accepted because they would be rationally based ? 

The first requisite for such a program would be to estab- 
lish performance standards which could be stated in meas- 
urable terms so that observers in different localities would 
be collecting comparable data. If the Committee on Poultry 
Housing set up jointly by the Poultry Science Association 
and the American Society of Agricultural Engineers is to 
function effectively, it might do worse than to sponsor such 
a cooperative effort, and, as a preliminary, to prepare speci- 
fic performance standards which would serve as a guide to 
investigators. 


It will be of interest to investigate the theoretical pos- 
sibilities for temperature control, and the limitations im- 
posed by practical considerations of design and cost. The 
heat balance formula offers an excellent means for explor- 
ing these possibilities, even though it is recognized that 
under practical working conditions there are factors which 
will enter to disturb the theoretical results. The basic as- 
sumption is that heat for maintaining an inside temperature 
above the outside temperature is produced by the birds, a 
portion of which heat, being in latent form, is not avail- 
able. It is further assumed that this available heat is all 
lost, either by warming air that passes through the building 
or by conduction and radiation through the walls, ceiling, 
and floor of the building. If we are to assume to start with 
that inside temperature is to remain constant while outside 
temperature fluctuates, and that temperature difference will 
fluctuate with outside temperature variations, it is plain that 
as temperature difference increases, the amount of heat lost 
by radiation and conduction will increase also, and, inas- 
much as the total amount of heat remains constant, that 
part of the heat lost by warming air which passes through 
the building must decrease. In other words, a reduction of 
heat loss by ventilation can be made to compensate for an 
increase in heat loss by conduction and radiation. Tempera- 
ture control, therefore, resolves itself into a matter of regu- 
lating the rate of air change. 


Referring now to the basic formula, it is to be noted 
that a simple algebraic transformation will modify it into a 
means for quickly computing the amount of air required to 
maintain a given temperature difference, if the design of 
the building and the amount of heat available is known. 


H, = (VD/50) + ACD [1] 
V = [50 (H,- ACD) ]/D [2] 


In order to use formula [2} specific values must be 
known or assumed for H, A, C and D. 


In the formula H, represents sensible heat produced per 
animal unit per hour under the inside temperature condi- 
tions to be maintained. Mitchell and Kelley’ have shown 
that there is a wide difference in heat production by birds 
of different weights. I have taken these and intermediate 
values, reduced them to Btu per hour and plotted them, 
heat produced against body weight, as shown by Fig. 1 in 
Chart 2. Mitchell and Kelley also indicate that the propor- 
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tion of total heat that is in sensible form and therefore 
available to affect temperatures, varies with the environ- 
mental temperatures through a range of almost 100 per cent. 
I have plotted their results, percentage of heat in latent 
form against environmental temperatures as shown in Fig. 2 
of Chart 2. It is to be observed that at comparatively low 
temperatures the percentage of latent heat is small, less 
than 10, whereas at higher temperatures this proportion 
increases until at 106 F it is all in latent form. 


In order to obtain a working value for H in the formula 
for the purpose of the present investigation, I have assumed 
it to be the amount produced by a 4-lb leghorn hen under 
an environmental temperature of 35 F. Referring to Fig. 1, 
a 4-lb bird will produce a total of 38.9 Btu per hour. Re- 
ferring to Fig. 2, the proportion of the total heat in latent 
form is 7.9 per cent. Therefore, the amount available to 
affect temperatures will be 38.9 x 0.921 = 35.83 Btu per 
hour. 


To have a true comparison between house designs, as to 
A, I have assumed that an animal unit (4-lb bird) is 
housed for every 3 sq ft of floor area. In all calculations 
for A, I have neglected heat losses or heat gains through the 
floor, although recognizing the probable effect of this factor 
under actual working conditions. By eliminating this vari- 
able factor for the present, it is possible to get a reason- 
able comparison between house designs which may differ 
in other respects. The need for further research on floor 
temperatures is clearly indicated. 


If the inside temperature is to remain constant, D will 
vary directly with fluctuations in outside temperature. 


If inside temperature is to remain constant, V will vary 
inversely with variations in the value of D. 


In order to indicate the theoretical limitations to tem- 
perature control and moisture elimination in houses of dif- 
ferent designs, I have used the above values in the modified 
formula [2} to compute data for the construction of the 
curves represented in Fig. 3 of Chart 2, which I have desig- 
nated “performance curves.” Volume of air flow through 
houses with AC characteristics ranging from 0.7 to 1.7 in 
increments of 0.2 was computed for nine different values of 
D, and for each house design AC a curve was plotted, V 
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CHART 2, FIG. 1 RELATION OF 
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CURVES FOR SPECIFIC AC CHAR- 


tT ACTERISTICS IN THE RANGE OF 


TIGHT HOUSES 
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against D. Thus, each solid curve line represents the 
theoretical performance of a house with a specific AC 
characteristic; it represents the way air change must vary to 
maintain a uniform inside temperature of 35 F when outside 
temperature fluctuates. The range of design AC represents 
the probable practical limits within which closed or tight 
houses will fall. 

It is to benoted that the best insulated house 
(AC = 0.7) can hold a temperature difference of nearly 
50 deg if shut up tightly without any air change whatever, 
and that the poorest (AC = 1.7) can hold only 21 deg 
temperature difference under the same conditions. 

It is not to be inferred that any attempt to hold such 
temperature differences should be contemplated. The state- 
ment is made merely to call attention to the theoretical 
maximum possibilities for temperature control. 

To get an idea of the possibilities for removing respired 
moisture before it can condense, I have superimposed a 
dash line curve over the solid line curves in Fig. 3. This 
curve represents the volume of air required at different 
temperature differences to remove the moisture respired by 
birds at an environmental temperature of 35 F. Moisture 
respired in grains per hour at 35 F is computed by the 
following formula, suggested by Mitchell and Kelley: 


HxLx 15.43 
M = ———————_ 
2.3 
M = moisture respired in grains per hour at 35 F 


H = total heat produced per animal unit per hour 
(from Fig. 1 of Chart 2) 


L = per cent heat in latent form at 35 F (from Fig. 2 
of Chart 2) 


15.43 = Number of grains per gram 


2.3. = Number of Btu required to vaporize one gram 
of water at skin temperature (approximately 
80F). 


Substituting, 38.89 x 0.079x 15.43 = 20.568 grains 
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AGRICULTURAL ENGINEERING 


TABLE 2. CUBIC FEET OF AIR AT 35F AND 85 PER CENT R.H.* REQUIRED TO regards moisture control with- 


REMOVE MOISTURE PRODUCED PER ANIMAL UNIT PER HOUR 


Moisture in in- Moisture in out- Moisture 


coming air, going air at 35F, removed 

Temperature Outside R. H. 100% 85 percent R.H., per cu ft, 
difference temperature’ grains percu ft grains per cu ft grains 
40 5 0.370 2.011 1.641 
35 0 0.481 2.011 1.530 
30 “5 0.610 2.011 1.401 
25 10 0.776 2.011 1.235 
20 15 0.986 2.011 1.025 
15 20 1.235 2.011 0.776 
10 25 1.551 2.011 0.460 
28 4773 2.011 0.238 
5 30 1.935 2.011 0.076 


*Relative humidity 


This shows that 20.568 grains of moisture must be 
removed per hour for each animal unit. The most difficult 
conditions for removal of moisture will be when outside air 
is saturated (100 per cent relative humidity), and when 
under this condition it is necessary to hold the inside rela- 
tive humidity at 85 per cent to avoid condensation. 

Table 2 shows how the volume of air required to move 
the respired moisture from the house is computed. 

The values in the last column were plotted on the curve 
in Fig. 3 of Chart 2 against appropriate values for D. The 
resultant curve indicates the air required to remove respired 
moisture under the most difficult conditions at varying tem- 
perature differences, and shows how this volume relates to 
the amount of air flow required to maintain an inside tem- 
perature of 35 F as represented by the solid line curves. 
The moisture curve crosses the performance curve for the 
design represented by AC = 1.7 at a temperature difference 
of 16.5 F, and the performance curve where AC = 0.7 at a 
temperature difference of 37 F. This means that theoreti- 
cally the relative humidity will rise above 85 per cent in 
the house having an AC characteristic of 1.7 when ventila- 
tion is restricted to hold a temperature inside at 35 F when 
outside temperature is at + 18.5 F. If outside temperature 
drops below this point further restriction of ventilation to 
hold the temperature at 35 F will cause danger of conden- 
sation on walls and ceiling or on any surface that is not 
well enough insulated to keep its temperature within about 
1.5 deg of air temperature. On the other hand, outside 
temperature can drop to —2 F before such danger will occur 
in the house whose AC characteristic is 0.7. The approxi- 
mate outside temperatures that can be withstood by the 
several houses represented on the chart without danger of 
condensation is indicated as follows: 


House AC Outside temperature F 
0.7 — 2 
0.9 + 5 
pe +10 
25 +13.8 
15 + 16.2 
Ay + 18.5 


These theoretical performances accord quite closely with 


observations made in tightly built houses in cold climates. 


Maine recommends a design with an AC characteristic of 


0.846. I understand they have had good performance as 


out excessively low tempera- 
tures; that on several occasions 
they have had to sprinkle the 


Moisture pro- Cubic feet air 
duced peranimal required tore- 
unit, grains per move moisture 


hour at 35F produced perhr _ litter to keep it from becoming 
20.568 12.6 too dusty. New York does not 
20.568 13.5 offer any specific data as to 
20.568 14.1 results, but within the past 
20.568 16.7 two years they are showing in 
20.568 11 blueprint form closed houses 


20.568 26.5 for large-scale operations, 
which figure down to the 


20.568 44.8 Pee 
lowest AC characteristic en- 
20.568 86.6 ; 
countered. This was done by 
20.568 274.2 


reducing area of exposure per 
bird, insulating walls and ceil- 
ings, and reducing window 
area to a minimum. Massa- 
chusetts, Connecticut, and Wisconsin are recommending 
tight houses with AC characteristics of 1.0 or less. It is 
doubtful if they would do so if results were not fairly 
satisfactory. 


I have limited this discussion strictly to considerations 
of the relations existing between essential physical factors 
involved in design. I have said nothing about specific 
methods of ventilation, merely assuming that means can be 
made available for moving air through the house under 
control. The most practical, least expensive method for 
different situations, either natural draft or thermostatically 
controlled electric fans, can easily be developed. I have 
carefully avoided any reference to specific building mater- 
ials or types of insulation, being content with indicating 
the insulating requirements as expressed by permissible heat 
losses per bird. Many materials are available for use singly 
or in combination and can be best adapted by the individual 
designer to suit local conditions. I have avoided these mat- 
ters because it has seemed important to me to uncover, in 
measurable terms, the essential relations between the basic 
biological and physical factors involved in the problem. 
Until these relations are known and their significance appre- 
ciated, no amount of misguided manipulation of materials, 
or playing with different ways of cutting holes for air to 
move through, will avail. 


While I do not intend to become involved in the eco- 
nomic phase of the problem, I should like to stress the point 
that apparently considerations of first cost have frequently 
influenced recommendations in such a way as seriously to 
affect both performance and depreciation of the building. 
An honest appraisal of the effects of good construction and 
rational design on other production factors such as feed 
cost, depreciation on the flock, labor costs, and building 
upkeep costs, will, I am practically certain, convince even 
the most skeptical that loose thinking with respect to design 
and cheap, shoddy construction do not pay. I think this 
question offers a real challenge to the Joint Committee on 
Poultry Housing. 
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Discussion by J. B. Davidson 


FELLOW (CHARTER) A.S.A.E. 


er several years the possibilities of expanding the use 
of the products of the soil, as a means of improving the 
economic status of the agricultural industry, have been 
under consideration. To accomplish this end, an extensive 
research program is being instigated and extended. It 
appears, from a review of the various suggestions made, 
that research is planned to accomplish three principal objec- 
tives, as follows: 


1 The development of new food or industrial products 
from staple crops. An example of such a product ts a dry- 
ing oil from soybeans which may be used as a paint vehicle. 


2 The production of substitute crops which may be 
used in the manufacture of products of such economic im- 
portance as to enable the aiden crops to compete with 
staple crops. For example, it is proposed that some of the 
corn acreage might be replaced by castor beans which would 
supply an oil of industrial value. 


3 The use of agricultural residues or wastes in the 
manufacture of industrial products. For instance, the use 


of straws and stalks for the production of insulating and 
building materials. 


Agricultural engineering includes, in part, those phases 
of engineering science and techniques related to the produc- 
tion of agricultural crops and their processing outside of 
the factory. The principal objectives in this connection are 
labor efficiency, economy of power, and the design and con- 
struction of adequate machines or equipment for produc- 
tion and processing. The particular service of agricultural 
engineering in such researches might be directed along the 
following lines: 

1 Extraction on the farm or at a local shipping point 
of those elements of a staple crop which may best be pro- 


cessed in a factory, leaving the balance to be consumed near 
the point of production. 


2 Development of techniques and machines for the 
growing of substitute crops. 


3 Harvesting of crop residues and preparing the same 
for shipment. 


4 The storage of agricultural crops and residues for 
industrial uses. 

5 Partial processing of certain materials on the farm 
or at local centers where such processing will make for 
cconomy in labor or power. 

It should be pointed out that in this country the cost of 
labor is such that few operations in connection with the 
handling of crops or residues can be successful unless a 
high labor efficiency is attained. Furthermore, none of the 


Contr:butions to a round-table discussion before the Power and 
Machinery Division at the annual meeting of the American Society 
of Agricultural Engineers at State College, Pa., June 18, 1940. 
Dr. Davidson is professor and head of the agricultural engineering 
department, Iowa State College. Mr. Fletcher is assistant general 
sales manager, Caterpillar Tractor Co. Dr. Lathrop is chief of the 
agricultural residues division, U. S. D. A. Northern Regional Re- 
search Laboratory. Dr. Miller is an independent consulting agri- 
cultural enginecr and chemist. 


The Place of Agricultural Engineers in 
Farm Chemurgic Development 


proposed developments will be successful unless there is a 
sufficiently high financial inducement to the farmer to cause 
him to change his methods and practices. 


Discussion by L. J. Fletcher 


FELLOW A.S.A.E. 


HEMURGY has many of the characteristics of a tent— 
a circus tent under which a show is going on con- 
tinuously. To the general public who attend this show, it 
has the combined characteristics of a magician’s perform- 
ance, a fortune-telling booth, and a believe-it-or-not display. 

While the technical possibilities of the chemical indus- 
try are known to thousands, on the other hand, millions 
have sublime confidence that chemical conversion can pro- 
duce the impossible, without even the benefit of a magic 
wand or the lamp of Aladdin. 

The agricultural engineer most certainly has a place in 
this show; in fact, it truthfully can be said, a vital place in 
this chemurgic program. 

We learn both from failures and from successes. A 
study of certain chemurgic enterprises which have not suc- 
ceeded, together with a review of possible new chemurgic 
industries, clearly indicates the importance of such activities 
as low-cost production of the agricultural commodities to be 
employed, dependable and satisfactory growing, harvesting, 
or gathering methods and machines, preliminary processing 
on the farm, and dependable delivery of raw materials at 
prices which make possible industrial utilization. 

Cornstalks standing or lying on a frozen field are not 
the same as cornstalks in a factory supply warehouse or 
crude stock pile. Straw and corn cobs may be classed as 
farm residues, but they cannot be industrially utilized until 
they are delivered in a suitable condition at the point of use. 
A few bushels of agricultural material, such as castor beans 
or a bale of straw is sufficient to allow a trained chemist to 
determine potential uses of great significance. Upon the 
results of his tests predictions may be made which receive 
great publicity and arouse hope. But until the agricultural 
engineering work is well done, millions of tons of farm 
products will remain unutilized and the consumer deprived 
of the use of new articles and commodities. 

While the agricultural engineer does have a place in 
the chemurgic picture, he must establish this place and its 
importance in the minds of all those concerned—the scien- 
tist, the investor, the manufacturer, and the user. Surplus 
crops, new substitute crops, farm residues, all have great 
potential uses, but only after certain definite agricultural 
engineering problems are solved. 

Manufacturers who are now or may become interested 
in the building of equipment for use in the production or 
harvesting of chemurgic crops, desire certain definite infor- 
mation from agricultural engineers who are interesting 
themselves in this field. This includes the following: 

1 A complete description of the requirements which 
the machines must meet. This has to do with such matters 
as mechanical characteristics of the crop to be handled, cut- 
ting distance from the ground surface, items which will 
cause damage to the crop, and the like. 


2 Facts concerning the use of existing or experimental 
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machines which may have been employed in preliminary 
trials or in projects set up to determine machine require- 
ments. 

3. The number of machines which would likely be 


needed each year to meet the requirements of the growers 
or industry. 


4 The probable location or locations within the United 
States where the chemurgic crop might be produced. 


The American farmer today has the intelligence to pro- 
duce the raw materials, ample soil of high fertility, sources 
of financing, and much of the power, machinery, and hous: 
ing to do his part of this chemurgic job, and do it well. We 
can help him add to his net income by providing more 
hours of profitable work on the farm and new outlets for 
additional products. ; 

Under the chemurgic tent there is a place for the agri- 
cultural engineer. We must be, at one time, the policeman, 
to help prevent unsound schemes and plans from receiving 
public acceptance; the doctor, to help cure any enterprise 
crippled by lack of adequate supply of raw material at 
proper prices; and the missionary, to help point the way 
and guide those who so desire to travel correctly toward 
goals of new products and higher living standards. 

Since the public is expecting and even demanding 
almost the impossible from chemurgy, speed is important; 
but sound, proven methods are even more important. All 
elements of our profession must cooperate, therefore, in this 
great project so as to render real service to the farmer, the 
manufacturer, and the consumer. 


Discussion by Dr. E. C. Lathrop 


| ary December, in a paper presented before the Society, 
I discussed the problem of collecting agricultural resi- 
dues looking toward developing new industrial uses for the 
annual production of such materials. 

It seemed practical to examine the success and methods 
of collecting such residues by any industries now using them 
in volume as raw materials. This spring and early summer 
I personally visited twenty strawboard mills in the states of 
Michigan, Ohio, Indiana, Illinois, and Iowa, and discussed 
with their responsible executives the pressing problems in 
this industry. 

Here is an industry which has operated for more than 
forty years, having millions of invested capital, mainly in 
the states mentioned. This year, because of war conditions 
drying up imports of foreign pulp, they will increase about 
40 per cent their production of corrugated strawboard for 
the manufacture of set-up boxes and will increase the use 
of straw to 700,000 tons, an increase of 200,000 tons. 
Members of this industry are the largest consumers of agri- 
cultural residues in our whole industry today, and are 
wholly dependent on cereal straws, mainly wheat straw, for 
a fibrous raw material. 

Their chief technical and economic problem is agreed to 
be the collection of straw. They now pay more for hauling 
the straw to the mill than they pay the farmer. By failing 
to encourage the farmer they have dried up local supplies 
in many cases. They are generally concerned with the grow- 
ing use of the combine, which provides no generally avail- 
able method of simultaneous straw collection, This industry 
has financed the development of a pick-up baler at consid- 
erable expense. The 0 as a whole recognizes the need 
of paying the farmer a higher price for straw, but, at the 
same time, it states that higher delivered prices will make 
it impossible to compete with the southern kraft industry. 

Our investigations to date encourage us to believe that 
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actually a higher price to the farmer and a higher quality 
of straw at acceptable cost to the strawboard mill can be 
brought about, not only by eliminating certain wasteful 
practices, largely through the development of light-weight 
efficient harvesting and collecting machinery, but also by 
educating the farmer and custom operators of such machines 
in the requirements and benefits of serving this industry. 

The strawboard industry is not alone in facing the col- 
lection problem. Our survey indicates that with the in- 
creased use of the combine, particularly the small combine, 
the farmer faces a serious shortage of bedding, which will 
either lead to the development of proper collecting practices 
and machinery, or to a slowing up of the use of the com- 
bine. For exampic, a study made by Mr. Thatcher of the 
Ohio agricultural experiment station indicates a potential 
maximum crop of wheat and oat straw of 2,800,000 tons 
in Ohio, two million tons of which are required for bed- 
ding. With the present use of combines in Ohio, and with 
no provision for collecting straw, 75 per cent or more of the 
800,000 tons available for industry cannot be easily secured. 
With any great increase in the use of the combine and 
present methods, it is evident that a scarcity of bedding 
must result. 

It has been developed in our survey that chaff-free straw 
will demand a higher price from the strawboard mills. Such 
straw in most cases would be best also for the farmer. In 
most cases, the chaff should go back on the land. Its physi- 
cal condition suits it for rapid decomposition in the soil. 
Thus, for the farmer and for strawboard mills, the collec- 
tion problem can be solved by the same methods. Between 
them, there should be ample uses for new machinery. 

We found that some of the most prominent executives 
in the strawboard industry were without knowledge of the 
activities of the agricultural engineers and the work of the 
agricultural experiment stations, and, strangely enough, 
vice versa. Yet these groups have the same interests. 

It must be evident to all of you that, if a long- 
established industry has not satisfactorily solved the funda- 
mental problem of collecting such agricultural residues, new 
industries utilizing them have still less likelihood of sur- 
vival. 

At the last meeting I told this Society that industry 
unaided was not capable of, and in many cases not inter- 
ested in, the solution of this complex collection problem. I 
am taking this opportunity of again stressing this point, 
because almost everyone in his first approach to the problem 
talks about all the new products that can be made from this 
vast and almost unused annual source of raw materials, 
tacitly assuming that having this new useful product, manu- 
facture can at once begin. Much wisdom is found in folk- 
lore adages; the English recipe for making rabbit pie starts 
with ‘‘First catch your rabbit.” 


Discussion by Harry Miller 


MEMBER A.S.A.E. 


T APPEARS that the agricultural engineer has a very 
definite place in farm chemurgic development. New 
crops call for modifications of existing machinery, and in. 
some cases entirely new machines, especially in harvesting 
operations. There also seems to be developing a need fo: 
semi-processing equipment for both new crops and existing 
crops. Industry is interested mainly in vegetable oil, cellu 
lose, and starch. Also, their production does not greatl) 
deplete soil fertility. It does not appear desirable nor prob 
able that there will be any extensive industrial demand fo: 
protein. (Continued on page 366) 
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Sawdust-Concrete Test Results 


By L. W. Neubauer 


ASSOCIATE A.S.A.E. 


HE object of the experiments discussed in this paper 

was to determine scientifically some of the critical 

characteristics of a concrete made of cement, sawdust, 
and water. Sawdust is known to be of organic nature and 
therefore undesirable in concrete because of its effect of 
slowing up or preventing the setting of portland cement. 
It has generally been considered unreliable as a constituent 
in mortar or concrete. A recent popularity and interest in 
its use has been in evidence, however, and this study was 
made in an effort to determine more facts concerning its 
strength and utility. Experimenters in other states (New 
Hampshire, Oregon, Pennsylvania, and Indiana) have 
worked principally with floors in poultry houses and hog 
and dairy barns. At Minnesota the first experiment was 
made by placing a sawdust-concrete floor in a hog barn 
with such unfavorable results that the technical laboratory 
studies were considered of great value. 

A total of 698 test cylinders of sawdust-concrete were 
made in the agricultural engineering laboratory, using 14 
samples of wood of 11 different species. These cylinders 
were principally 2 in in diameter by 4in in length, pro- 
portioned, mixed, placed, and cured in accordance with 
standard methods. A number of variables such as kind of 
wood, size of particles, proportions, water-cement ratio, age, 
and method of curing, were observed and recorded. These 


Presented before the Farm Structures Division at the annual 
meeting of the American Society of Agricultural Engineers, at State 
College, Pa., June 17, 1940. (Paper No. 1824, Scientific Journal 
Series, Minnesota Agricultural Experiment Station.) The author is 
instructor in agricultural engineering, University of Minnesota. 
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data must be omitted here because of their volume and 
complexity. 

General Characteristics. General characteristics of 
cement-sawdust concrete were found to be similar to con- 
crete made with sand and gravel. Compressive strength 
varies with the mixing proportions as shown on Fig. 1 
where a few characteristic curves of the better woods are 
plotted. Each point represents an average value of six to 
ten specimens, a practice continued on the succeeding 
gtaphs. The composite and average curves are based upon a 
much larger number of cylinders. Some were mixed of 
room dry sawdust, water, and cement while others were 
made of sawdust saturated in water overnight. The weight 
also varies with the mix, cement being heavier than saw- 
dust. All proportions were measured by the loose volumetric 
method. Cement-sawdust mixes of 1:5 are usually very 
weak, probably suitable only for non-load-bearing purposes 
such as insulation and fill. Samples of 1:3 or 1:31/ mix 
are much stronger, yet good insulators, and might be used 
for floors or walls of poultry houses, hog barns, or dairy 
barns. Mixes of 1:2 or 1:1 are so expensive, heavy, and 
poor in insulating value that they could not be found 
economical in competition with common concrete. 

An extremely high absorption of water is characteristic 
of sawdust-concrete up to a maximum of 70 per cent of the 
dry weight for lean mixes. This reduces the insulating 
value and strength and prohibits its use on surfaces exposed 
to the weather. In gemeral, the strength varies inversely 
with the absorption. 

The period of curing in water affects the strength con- 
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siderably as illustrated in Fig. 2. Satisfactory specimens 
attain a considerable strength in 24 hours but continue to 
gain strength for many months. It is interesting to note 
that the weight also appears to vary slightly with the curing 
time, probably because of a continued chemical action of 
the cement. 


Advantages. The principal advantages of sawdust-con- 
crete are low cost, light weight, insulating value, nail- 
holding ability, and resistance to freezing, burning, and 
termites. 

The low cost is obvious. Sawdust could not be con- 
sidered as an aggregate, except where its value is negligible. 

Light weight in walls or ceiling reduces the load to be 
supported. The dry weight varies principally with the pro- 
portion of cement from about 40 to 70.lb per cu ft. Most 
specimens will float in water for a short period before 
absorbing enough water to sink. 

Insulation value is inherent because of low density. 
Thermal conductivity varies with the weight, proportion of 
cement, and water absorbed. Although the density is greater 
than that of wood, the conductivity is relatively less because 
of its granular form. According to Skelton’, “the coefficient 
of thermal conductivity varies from 0.60 to 0.70” for 1:3 
or 1:31/, mixes as compared to 0.60 to 1.20 for wood 
and 8.0 to 10.0 for concrete. 

The material has good nail and screw-holding character- 
istics, far superior to those of concrete or masonry but not 
equal to wood. For lean mixes (1:5) the holding strength 
is not great and weakness permits occasional splitting. For 
rich mixes (1:1 or 1:2) nailing is difficult as the hardness 
then approaches that of common concrete. 


Resistance to freezing was tested by subjecting the 
cylinders to repeated cycles of alternate freezing and thaw- 
ing in water. This test often exposes weaknesses in tile or 
concrete after 30 or 40 cycles. The lean sawdust-concrete 
specimens developed some scaling at 15 cycles and at 36 
cycles the 1:5 cylinders began to crack open. The richer 
mixes developed no cracks at 50 cycles showing only a slight 
weakness on the lower submerged corners and in the sub- 
sequent compressive test generally proved stronger than 
cylinders tested after shorter curing. 

In a test of fire resistance the lean (1:5) cylinders 
proved to support combustion, burning slowly and com- 
= to ash. Richer mixes did not support combustion, 

ut when heated red hot in a furnace proved fire resistant 
and non-inflammable. They showed some weakness, how- 
ever, turned black, and developed cracks and breaks. 


A colony of termites was confined with a cylinder of 
1:5 proportions. The termites appeared to live on this 
material for a time but soon lost their vigor and strength 
and all succumbed within two months. The other mixes 
would obviously be even more resistant to termites. 


Disadvantages. The most apparent disadvantages of 
sawdust-concrete are low strength, high absorption of water, 
lack of fire resistance for lean mixes, great variation in 
strength with different woods, and relatively short life. 

The uncertain durability of this material in use is 
demonstrated by the experience of a number of persons. 
I. D. Mayer of Purdue University reports that two dairy 
barn stall floors built of 1: 2:2 proportions of cement, sand, 
and sawdust, proved no warmer than other concrete floors, 
showed “very noticeable wear under the cattles’ feet” after 
two years and will soon have to be replaced. 


1Cement-sawdust concrete for poultry house and dairy barn 
floors”, by Russell R. Skelton. Extension Circular 217, University 
of New Hampshire Extension Service. 
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J. R. Haswell of Pennsylvania State College, however, 
reports a floor of 7:9 mix showing no wear after 10 years 
and another built in 1912 which is still good. 

At the University of Minnesota one floor slab of 1:3 
pine set firmly overnight while another of 1:3 cottonwood 
hardened very slowly. These were wet down for one week 
and protected for another week when pigs were admitted 
to the pen. The second slab had not yet fully set but 
seemed to harden under the pressure of the pigs’ hoofs. 
Within 12 days, however, two pits were worn into the 
cottonwood sawdust concrete which required immediate 
patching. All surfaces of this material showed continual 
wear and pocking. After four months time another pit 
11 in across developed in the 1:2:3 mix of cement, sand, 
and sawdust when the pen was used by a single boar, and 
likewise required patching. 

This experience with mixtures including some sand 
suggested that they might be of little advantage. In the 
laboratory compression test, 1:2:3 and 1:114:314 mix- 
tures proved but half as strong as 1:3 and 1:31/, saw- 
dust mortars and only approximately equal to a mix of 1:5. 


The weight is much greater. Apparently these mixes do - 


not prove superior to similar mixes exclusively of cement 
and sawdust, although there might be some gain in wear 
or durability. To retain the necessary strength, additional 
cement would be required to balance the portion of sand. 


Water-Cement Ratio. The importance of water-cement 
ratio proved much greater than was expected. The ability 
of dry sawdust to absorb considerable water increased the 
water-cement ratio over that for ordinary concrete. Ratios 
of 2 to 21/4 were needed for lean mixes. For average mixes, 
ratios of 1 to 1.25 proved more suitable. These were the 
most workable proportions. Sloppy mixes were much 
weaker. This is illustrated in Fig. 3 for typical samples. 
The actual water requirement varies so much with the 
moisture content of the sawdust that water-cement ratios 
are difficult to predict. A table for this purpose is offered 
by Skelton’. 

In an attempt to simplify this problem, sawdust was 
saturated overnight in water, removed, drained for a few 
minutes, and mixed with little or no water and cement. 
This is also illustrated in Fig. 3. The negative water-cement 
ratio (—.25) indicates a condition of longer drainage and 
compression of the sawdust to remove more water. In some 
cases the contained water was sufficient for the requirement 
of the cement. Best results were secured with +.25 ratios, 
however, which is nearly the correct ratio for neat cement. 
In this way the moisture-content problem can be eliminated. 
Furthermore, greater strength was observed, perhaps due to 
complete soaking and a partial washing of the aggregate. 

To increase this effect, sawdust samples were washed by 
submerging and working them in water for a week after 
which the mortar was mixed. These points are marked “W” 
on Fig. 3 and indicate an increase in strength over all other 
treatments. The gain is probably due to a perfect saturation 
and partial removal of organic content by washing. 

Size of sawdust particles has been considered influential! 
upon strength of the product. Large; coarse, hard particles 
are usually recommended. Norway pine of this description 
proved excellent. All sawdust was screened through a 1/-in 
sieve. Small, flaky chips of cottonwood (1:3) tested 
practically zero. Consequently cottonwood was obtained in 
large, coarse particles, having a sieve analysis similar to 
that of Norway pine. The result was the same: strength 
negligible. Fine and coarse samples of red oak sawdus' 


were also used, both testing zero. The Norway pine was 


then divided into fine and coarse portions by separatins 
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with a No. 14 screen. Resulting mixes showed only a 15 
per cent advantage for the coarse particles. Both were 
slightly inferior to the original sawdust. These data showed 
that the kind of wood was more important than the size 
of the particles. 


Kind of Wood. Cottonwood sawdust developed unsatis- 
factorily weak products, except for very rich mixes. Norway 
pine, even when mixed lean, proved much more satisfac- 
tory. This corroborated the theory favoring softwoods 
(conifers) over hardwoods (deciduous trees). On the 
other hand, aspen (popple), very similar to cottonwood, 
proved much stronger nearly equalling the better group of 
softwoods. It is true that red oak (1:31!/,) tested zero, and 
birch and maple were not much better (Fig. 4). However, 
Douglas fir also tested zero, with red cedar, green jack pine, 
and Ponderosa pine considerably inferior to aspen. Thus 
many softwoods are not suitable. Recommended species are 
spruce, Norway pine, jack pine, and aspen. No doubt 
there are others, not tested in this experiment. 

The well-known effect of organic matter on the setting 
of portland cement and the influence of saturating and 
washing sawdust as already mentioned led to a study of 
soluble organic content in sawdusts. Nine varieties were 
placed in distilled water for eleven days, the liquor re- 
moved, water evaporated, and organic extracts determined. 
These values were plotted against the compressive strengths 
of the sawdust-concretes as shown in Fig.5. A definite 
relation is evident. The woods represented are (1) birch, 
(2) maple, (3) red cedar, (4) aspen, (5) jack pine, (6) 
cottonwood, (7) Norway pine, (8) ponderosa pine, and 
(9) spruce. Only points (1) and (8) are not closely 
correlated. The organic matter consists largely of gums, 
sugar, starch, and tannin. Red oak not tested for organic 
extractives contains considerable tannic acid and forms poor 
concrete. The point would fall along the lower end of the 
curve. There also would lie the point for Douglas fir with 
its zero strength and well-known high organic content. 

This curve is fairly conclusive and points out a means 
of predicting what one may expect from various sawdusts. 
The method is not very practical, however, and sampling 
with a trial batch would probably prove more expedient. 


CONCLUSIONS 


1 Cement-sawdust concrete is rather uncertain and 
unreliable and its strength cannot be easily predicted. 

2 Its weakness is generally due to soluble organic con- 
tent which interferes with the setting of cement, and wood 
of high soluble organic content should be avoided. 

3 The water-cement ratio is especially important and 
should be watched with extreme care. 


4 This problem may be simplified by previous satura- 
tion of the sawdust in water. 

5 Mixing proportions are preferably about 1:3 or 
1:34. Richer mixes are strong, heavy, conductive, and 
expensive. Leaner mixes are cheap, weak, non-durable, and 
inflammable. 

6 Best utility is secured where strength is not vitally 
important but where economy, light weight, insulating 
value, nail-holding ability, and resistance to burning and 
termites are desired. 

7 It is always advisable to test a small trial batch for 
a one or two-day period before mixing any kind of saw- 
dust in quantity. 

8 Some recommended species of sawdust are spruce, 
Norway pine, jack pine, and aspen. 

9 Woods to be avoided include cottonwood, oak, 
Douglas fir, birch, maple, and red cedar. 
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Discussion by S. A. Witzel 


ABORATORY tests conducted at the University of Wis- 
consin support most of the conclusions drawn by Mr. 
Neubauer in his paper. These tests, prompted by a con- 
tinuous series of inquiries by mail and otherwise, were 
conducted for the purpose of determining the physical 
properties of sawdust-concrete. The tests were made by 
Bartel, Davy, and Plog as a thesis study. The work was 
thoroughly and carefully carried out under the close super- 


vision of Professor Wendt of the mechanics department, and 
myself. 


Preliminary studies were made to determine the mois- 
ture content of hardwood and softwood sawdust as found 
in stock piles. A variation in moisture content of from 38 
to 147 per cent of dry weight was found. Determinations 
were also made of the bulking effect of water in sawdust, 
quantity of water contained in the sawdust available for 
hydration of the cement, best methods and sequence of mix- 
ing, most effective means of compaction, and the effect of 
the ratio of water to cement upon the strength of the mixes 
of different kinds of sawdust. 


The sawdusts used in the final tests were limited to two, 
a commercial hardwood and a softwood sawdust. While 
the kinds of sawdust used in these tests were limited to two 
general types, there seemed to be a reasonably close correla- 
tion between these two, and the data should be a guide in 
the use of mixed or commercial sawdusts in this area. Rotted 
sawdust stock piles-were avoided. These tests were carried 
out using the optimum water-cement content. 


In conducting the investigation, a total of 335 specimens 
were tested. Mix design specimens were 3x6-in cylinders. 
Thermal conductivity specimens were 13.5 in square and 
one inch thick. Specimens 2x2x9 in were used for all other 
tests. These tests included transverse bending, compression, 
absorption, expansion during cooling, wetting and drying, 
and durability tests consisting of a twenty-five cycle freezing 
and thawing schedule. 


Perhaps the point of major variance between the con- 
clusions of the paper by Mr. Neubauer and those prepared 
at the Wisconsin station has to do with the best method of 
securing the optimum water-cement ratio. Instead of 
previous saturation of the sawdust, it was found that the 
sawdust should have a low moisture content, preferably 
less than 50 per cent. For sawdusts containing less than 150 
per cent moisture, the total water in the mix—that is, 
moisture in sawdust plus added water—to produce a work- 
able concrete is constant. Thus, once the total water in the 
mix for optimum strength for a given sawdust is deter- 
mined for a certain cement-sawdust mix, additional mixes 
of equal strength can be made at any time by simply drying 
a sample of the sawdust and adding the necessary amount of 
water to make up the calculated difference. 


The following conclusions and recommendations on 
the subject have been made and are proving to be a helpful 
guide for farmers from the thesis, entitled “The Properties 
of Cement-Sawdust Concrete,” by Bartel, Davy, and Plog: 

1 As the ratio of cement to sawdust increases, the 
compressive and transverse strengths, resistance to freezing 
and thawing, specific weight, and the coefficient of thermal 
conductivity increase, while the absorption decreases. 

2 There is an optimum water-cement ratio for each 
proportion of cement to sawdust. 


3 There is no difference in the final results between 


Mr. Witzel is associate professor of agricultural engineering, 
University of Wisconsin. 
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hand and machine mixing if precautions are taken to pre- 
vent the forming of pellets. 


4 For sawdusts containing less than 150 per cent mois- 
ture, the total water in the mix, that is, moisture in the 
sawdust plus added water, to produce a given workable 
concrete is constant. 


5 Mixes having proportions leaner than about one 
part cement to four parts sawdust by volume contained too 
little cement to hold the particles of sawdust together. 

6 The compressive strengths of 1 : 2 and 1 : 3 mixes 
are sufficient to permit their use for walls and floors and 
similar types of construction. 


7 The transverse strengths of the above mixes are 
sufficient to permit their use in precast slabs, blocks, or 
beams without serious danger of breakage in handling. 

8 The coefficient of thermal conductivity for this ma- 
terial is considerably lower than for clay building brick and 
gravel concrete. Two inches of the 1:3 mix, which has a 
coefficient of transmissivity of 1.3, has an insulating value 
approximately equal to that of one-half inch of standard 
fiber insulating boards. 


9 Cement-sawdust concrete having proportions of 1 to 
2 by volume or richer has good durability, proportions of 
1 to 3 have fair durability, and proportions of 1 to 4 have 
little durability. 

10 The absorption for all proportions of the material 
is high, reaching a maximum of 98 per cent at 14 days for 
the leanest mixes. 

11 Linear changes due to changes in moisture content 
are large. The maximum linear change was 0.7 per cent for 
the leanest mixes. 

12 Cement-sawdust concrete, because of its excellent 
insulating value and light weight, appears to have possi- 
bilities as a structural material in applications where high 
strength is not a requisite and where moisture is either not 
present or by some protective means can be prevented from 
entering the concrete. To aid in securing satisfactory results 
in making sawdust concrete, the following procedure is 
recommended : 


(a) The sawdust used should have a low moisture 
content, preferably less than 50 per cent. This condition 
may be obtained by spreading the sawdust in thin layers 
in a dry place for several days. 

(b) The sawdust and cement should first be mixed 
dry to a uniform color, after which the water should be 
added and the entire batch mixed until a uniform con- 
sistency is secured. Machine mixing should be discon- 
tinued before the material “balls up” and pellets are 
formed. 


(c) The amount of water added to the batch 
should be kept to the minimum which will produce a 
workable mix, one which will just permit cement paste 
to be worked to the surface under vigorous tamping and 
troweling. 

(d) Sawdust concrete should be well tamped into 
place in layers 2 or 3in thick. It may be finished by 
troweling in the same manner as ordinary concrete. 

(e) After placing, the concrete should be covered 
with wet straw, canvas, or burlap, and kept moist for a 
period of at least one week. 

(f) No loads should be placed on the concrete 
during the curing period and preferably not until the 
concrete is two weeks old. 

(g) Sawdust concrete should not be used in wet 
or damp places without protection from the moisture. 


AGRICULTURAL ENGINEERING 


13. It is recommended that further studies be made to 
determine the reproducibility of results from given mixes, 
the value of relatively dense surface coats to protect the 
material from moisture and to provide high abrasion 
resistance, and the effects of placing the material in large 
sections or areas. 


Flow Lines in Farm Machine Forgings 
(Continued from page 346) 


18 hr to bring out the flow lines. In equal time the acid 
would completely dissolve a bolt and nut made from SAE 
1020 steel. 


Fig. 11 is a washing machine gear made from a piece 
of steel having flow lines parallel to the horizontal plane. 
The failures occurred parallel to the flow lines, and the 
teeth at the top and bottom show greater wear than those 
having the flow lines parallel with the teeth. Failures of 
this nature continued to occur until the part was redesigned. 


The outstanding advantages of forged parts are their 
hoarded resources of strength and stamina, their ability to 
give and take, to absorb shock and recover. There are no 
hidden flaws in forgings. Uniformity in physical proper- 
ties is obtainable by heat-treatment to an exacting degree. 

ACKNOWLEDGMENT: The author is indebted to Deere & Com- 
pany and to Mechanics Universal Joint Division of Borg-Warner 


Corporation for many forgings which were machined, polished, and 
deep etched for this project. 


Discussion by Harry Miller 


(Continued from page 362) 


The soybean is a crop that has received considerable in- 
dustrial attention. It is very high in protein and contains 
about 17 per cent of vegetable oil. This is not all recover- 
able in practice. Usually about one gallon of vegetable oil 
is recovered from one bushel of soybeans. It finds applica- 
tion mostly in paints and varnishes. A bushel of As as 
weighs 60 lb and a gallon of oil weighs 8 lb. It seems 
uneconomical for a farmer to take 60 Ib of soybeans to the 
grain dealer, who in turn sells through a broker, to the 
processor, who separates the oil from the other constituents. 
The oil finds its way into the industry, and the non-oil 
constituents are sold by the processor through a broker to 
the feed mixer. The feed mixer sells to the retailer, who in 
turn sells 52 out of the 60 lb back to the farmer. Would it 
not be much better to develop equipment to enable doing 
this simple extracting operation on the farm, just ship the 
oil, and thus save the transportation and the several com- 
missions on the 52 lb that comes back to the farmer? 


The same reasoning applies to flax seed, castor beans, 
sesame, cotton seed, and even corn. Corn is bought exten- 
sively by starch manufacturers, and should a large alcohol 
industry develop, starch is the only material in which the 
alcohol manufacturer is interested. Industrial corn degermi- 
nators are in existence, and it would seem within the realm 
of possibility to degerminate the corn and ship the starch 
to the processors. The oil could be expelled from the corn 
germ, and be sold to the people who are in the corn oil 
business. The residue which is high in protein could be 
retained on the farm. The object of the semi-processing 
equipment boils down to keeping on the farm the material 
which the farmer needs, and to eliminating inert ingredi- 
ents which have no value. The job is essentially one of 
modifying large industrial equipment to render it portable, 
so that these semi-processing operations can be done on the 
farm. 
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URING the past two summers I have spent nineteen 
weeks in the field making brief farm machinery 
surveys for the agricultural extension services of 

the states of South Carolina and Tennessee respectively. 


In South Carolina the survey covered only mowing ma- 
chines and cultivating equipment, and included the follow- 
ing objectives: (1) To make a brief survey of the conditions 
of mowing machines on farms in Orangeburg and Laurens 
Counties, (2) to record data collected on each mowing 
machine on individual record sheets, (3) to tabulate data 
collected so that it may be used as a basis for determining 
just what should be included in mower repair demonstra- 
tions or schools to be held in the future, (4) to make a 
brief survey of the type of cultivating equipment used on 
the farms visited, and (5) to ask the farmers for their 
opinions regarding the use of two-horse, one-row cultivat- 
ing equipment. 

The survey on cultivators was primarily to determine the 
type of cultivators in use and to get statements from farmers 
using two-horse one-row cultivators and from farmers using 
one-horse one-half-row cultivating equipment. 


SIZE TRENDS IN CULTIVATING EQUIPMENT 


Farmers who have changed from one-half-row equip- 
ment to one-row equipment have done so because of short- 
age of labor, because they have watched a one-row cultivator 
in use on a neighbor's farm, and in some cases because the 
boys in the family were taking over the job of cultivating 
and they refused to use one-horse plow stocks for general 
cultivation. 

Farmers continuing the use of one-half-row equipment 
are doing so primarily because of custom. Their fathers 
used this type of equipment, and it is hard for them to 
break away from this custom. Others have never seen a 
two-horse cultivator in use; therefore, they do not know 
whether or not they would like to use this type of equip- 
ment. Still others have hesitated to spend the price of a 
two-horse walking or riding cultivator when plow stocks 
cost so much less. Some are cultivating fields with a large 
number of short rows and two-horse cultivating equipment 
would not be as easily handled in turning. Others have only 
one work animal. 

Objectives and methods of the Tennessee survey have 
been previously reported’. 

Of the 386 farmers visited in Tennessee, 68 per cent are 
farm management cooperators. Of these 386 farmers, 92 
per cent have mowers, 26 per cent have binders, 87 per 
cent have disk harrows, 41 per cent have grain drills, and 
85 per cent have hay rakes. Although only 92 per cent of 
the farmers have mowers, there are 425 mowers on these 
386 farms. The average rehabilitation cost for these mowers 
is about $7.25 each, not including labor, while the replace- 
ment cost is about $66.50. 

In general, the farmer is interested in repairing his own 
farm machines where parts are available. However, it is 


An abridgment of a paper presented before a meeting of the 
Southern Section of the American Society of Agricultural Engi- 
neers at Birmingham, Ala., February 9, 1940. The author is in- 
structor in agricultural engineering, University of Tennessee. 

1Rambo, Earle K. Revelations of a farm machinery survey. Agr. 
Engr. 21:1 (January 1940). 


Farmers’ Implement Problems 
By Earle K. Rambo 


JUNIOR A.S.A.E. 


necessary that he thoroughly understand the operation of 
the machine before he can hope to do a first-class job of 
repairing or adjusting it. More farm machine parts are 
worn out than actually broken and a large percentage of 
this wear is due to improper care, lack of lubrication, or 
improper adjustment. 

In the majority of cases the adjustment or replacement 
of parts have been neglected primarily because the owners 
and operators of these machines are not familiar with the 
adjustments built into the machines. They do not realize 
that the replacement of one worn part or that some minor 
adjustment of parts will often save the breakage or wear of 
more expensive parts. And it is after the breakdown that 
they realize that some work should have been done on their 
mower, hay rake, cultivator, or other machine. 


FARM MACHINE REPAIR PROBLEMS 


In general, farm implements are stored in fence corners 
or under sheds until the day before they are to be used. 
Then the owner goes or sends to town for such and such 
part. If the local dealer carries a large stock of parts, he 
may have the part and still not know whether the farmer 
wants part No. 163M, 163X, or 163g, since all three parts 
fit the description given but only one will fit this farmer's 
machine as they are the parts numbers for three different 
model machines made by the same company. 

Farmers need assistance with their farm machinery prob- 
lems. Where are they going to get the assistance? They 
may go to a neighboring farmer, the local farm machinery 
dealer, the local blacksmith, the government agencies, such 
as county agents or vocational agricultural teachers, or any 
combination of these sources. 

The farmer in need of assistance stands his best chance 
of getting the help or information desired from a neighbor- 
ing farmer who has learned the solution of a similar prob- 
lem in the school of experience. 

A local dealer may be of some assistance, but if he is a 
small town dealer, machinery is probably just a side line 
with him. He doesn’t have time to personally become 
familiar with machinery repairs and adjustments and at the 
same time do justice to the other phases of his business. 

Except in some few cases, the county agent and voca- 
tional agricultural teachers are at a loss in advising farmers 
regarding their farm machinery problems. These men will 
say that, due to lack of training, their knowledge of farm 
machinery is limited and for that reason they stay clear of 
farm machinery work as much as posstble. 

Introduction of rubber tires on farm implements, of the 
small combine, and of the small tractor are effecting changes 
in the type of farming in the Southeast as much, if not 
more, than in any other section of the United States. As a 
result of these developments, more machinery is being 
added to some of the farms. The machines are being oper- 
ated at higher speeds and the need for men with a broader 
knowledge of farm machinery, care, repair, and up-keep 
is steadily increasing. 

A large number of machines are being delivered to the 
farms not properly assembled or adjusted. This is true in 
South Carolina as well as in Tennessee. I found new 


mowers out of adjustment on sales floors in counties in 
both states. 
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GRICULTURAL safety will be the sub- 
ject of one session of the 29th Na- 
tional Safety Congress and Exposition, to be 
held at the Stevens Hotel in Chicago, 
October 7 to 11. 


H. G. Davis, S. H. McCrory, and E. W. 
Lehmann are to be among the contributors 
to a panel discussion on “Farm Accidents— 
Why They Occur and Who Is Responsible 
for Corrective Action.’’ Phases of the ques- 
tion to be discussed include ‘In what opera- 
tions and occupations do farm accidents 
occur most frequently?” ‘What materials 
and equipment are most frequently involv- 


Mid-American Chemurgic 
Conference 


HEMICAL and economic aspects of 

chemurgy are emphasized in the pro- 
gram for the second annual Mid-American 
Chemurgic Conference, at Cleveland, Ohio, 
September 16 and 17. 

Wheeler McMillen will address the con- 
ference on ‘“Chemurgy in the War,” and 
N. R. Whitney of the Proctor and Gamble 
Company will discuss “Some Possible Effects 
of the War on American Agriculture.” 

L. F. Livingston will present a new 
sound and color motion picture starring 
“Research” in “A New World Through 
Chemistry.” 

Other scheduled subjects likely to hold 
some interest for agricultural engineers, by 
reason of dealing with farm methods and 
costs of producing chemurgic materials, or 
with engineering materials from chemurgic 
sources which might find use in farm struc- 
tures, equipment, or operations, include the 
following: “Sugar Beet Culture on Soils 
Impoverished of Boron and Manganese,” 
“Casein Chemurgy,” ‘Synthetic Rubber and 
Its Uses,” “The Farmers’ Cash Crop (soy- 
beans),”’ ‘Use of Soybean Oil in Paints and 
Varnish,” “Edible Soy Flour,’”’ ‘Dehydrated 
Castor Oil,” and ‘Modern Plastics.” 


F.E.I. Convention October 2 
at Chicago 


ARM Equipment Institute will hold its 

47th annual Convention October 2 and 
3 at the Edgewater Beach Hotel in Chicago. 

Some of the addresses scheduled are ‘The 
Economic Situation,’ by Dr. Virgil Jordan, 
president of the National Industrial Confer- 
ence Board; “What the Farmer Expects of 
the Farm Machinery Industry,” by Chris L. 
Christensen, dean, College of Agriculture, 
University of Wisconsin; “Interdependence 
of Industry and Agriculture,” by W. W. 
Shoemaker, vice-president, Armour and Co.; 
“The State of the Industry,” by Harry G. 
Davis; and “Outlook for the Farm Equip- 
ment Industry,” by W. C. MacFarlane, presi- 
dent, Minneapolis-Moline Power Implement 
Co. 
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Farm Safety Session in National Safety Congress 


NEWS 
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ed?” “How various agencies, associations, 
publications, and organizations can contrib- 
ute to farm safety and fire prevention,” 
“How should farm accident surveys be 
made and what should be done with the 
information collected?” and “The respon- 
sibility of state and community educational 
departments for farm safety instruction.” 
This session is to be held Thursday morn- 
ing, October 10. 

The Congress has scheduled 162 sessions 
for the five days in which it is to be held, 
and the Safety Exposition will feature appli- 
ances and materials relating to all phases of 
accident prevention, health, and hygiene. 


‘Washington 
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A.S.A.E. Membership Growth 


Po genyay milepost was recently put be- 
hind in the progress of the American 
Society of Agricultural Engineers when its 
membership passed the 1400 mark, 2 new 
all-time high in the membership of the 
Society. 


S.A.E. Tractor Meeting 


EPTEMBER 24 and 25 have been set as 

the dates for the tractor meeting spon- 
sored annually by the Tractor Division of 
the Society of Automotive Engineers. The 
meeting this year will be held at the Hotel 
Schroeder, Milwaukee, Wis. 


News Letter 


from AMERICAN ENGINEERING COUNCIL 


JOINT COMMITTEE REPORTS 


ONTHS of study of the basic aims 
and objectives of American Engineer- 
ing Council, and of ways and means by 
which they may be best accomplished, have 
resulted in the submission to the American 
Society of Civil Engineers, the American 
Society of Mechanical Engineers, the Ameri- 
can Institute of Electrical Engineers, and 
American Engineering Council of a report 
prepared by a special joint committee repre- 
senting these organizations, which is hereby 
summarized: 

The committee is convinced that there is 
need for a strong national organization to 
be located in Washington to represent all 
engineers. The designation should continue 
to be “American Engineering Council’, with 
its organization and functions modified in 
accordance with the recommendations in- 
cluded in this report. 

This organization would (1) act as a 
service organization to the existing national 
and local engineering societies, by continu- 
ing desirable activities of this character 
being carried on by the present AEC; (2) 
carry out such matters now handled through 
joint committees of the Founder Societies as 
may be requested by them; (3) aid in co- 
ordinating activities of the separate societies ; 
(4) suggest ways and means to eliminate 
and prevent possible waste resulting from 
duplication of effort by the existing societies. 

The Committee does not favor any 
attempt to replace the present engineering 
societies by a single society. 

Organization. 1 The American Engineer- 
Council should consist of representatives of 
the constituent bodies selected in much the 
same manner as they are at present, with an 
executive secretary located in Washington. 


A.S.A.E. Meetings Calendar 


December 2-6—Fall Meeting, techni- 
cal divisions, The Stevens, Chicago, 
Ill. 


June 23-26, 1941—Annual Meeting, 
Knoxville, Tenn. 


The administrative authority should be an 
executive committee. 

2 The Council and executive committee 
should be so set up that 60 per cent of each 
will be representatives of the Founder So- 
cieties chosen from among the active mem- 
bers of the boards of the societies. 

3 There should be created a co-ordinat- 
ing committee primarily to serve as a clear- 
ing house between the executive secretary of 
Council and the Founder Societies. This 
committee should be composed of the na- 
tional secretaries of the Founder Societies 
and the secretary of AEC. The committee 
should meet at intervals in New York. 


Function. As a continuation of its present 
functions, the Council should undertake the 
following: 

1 Aid to the Federal Government— 
Upon receipt of requests for information or 
service from the Federal Government, includ- 
ing legislative and administrative branches, 
the Council should attempt to meet these 
requests by supplying (a) factual informa- 
tion; (b) engineering opinions, after first 
referring the requests, through the secre- 
taries of the national societies, to existing 
committees, divisions, etc., of those societies, 
or to representative groups of individuals. 

2 Aid to the Engineering Profession on 
Governmental Problems — This includes: 
(a) interpretation for the member societies 
and their individual members, preferably 
through publications and releases, of Federal 
laws, rules, regulations, and practices, and 
(b) attempts to satisfy requests from the 
participating societies and their individual 
members for information about governmental 
matters and for service in Washington. 

3, Public Discussion — In cooperation 
with national member societies, the Counci! 
shall formulate and sponsor programs at 
convenient annual meetings or convention: 
on public problems relating to engineering 
(AEC sponsored a general session meeting 
at the Summer Convention of the American 
Institute of Electrical Engineers.) 

4 Fact-Finding Investigations—Fact-find- 
ing investigations of national interest may be 
made upon approval of the executive com- 
mittee either (a) upon request of member 
societies, which should finance any such 
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requested investigation, or (b) on its own 
initiative. These investigations should be 
limited to problems which are essentially of 
an engineering character and should not in- 
clude investigations of political subjects. 

5 Annual Conference of Secretaries— 
The Council should sponsor annual confer- 
ences of secretaries of engineering societies 
on a self-sustaining basis. A number of suc- 
cessful conferences of this nature have been 
held during the past few years. 


Suggested Activities. It is further recom- 
mended that, as and when occasion may 
arise and finances permit, the Council should 
extend its activities into enlarged or new 
fields to include: 

1 Improving professional status through 
(a) the sponsorship of correlations of the 
codes of ethics for engineers, and (b) sup- 
port of unification in the licensing of engi- 
neers to promote reciprocity between states. 

2 Aiding the profession through (a) a 
study of the possibility of standardizing con- 
tracts, contract bonds, and forms of insur- 
ance on contracts in connection with con- 
struction projects supervised by engineers; 
(b) sponsorship of studies or standardiza- 
tion of municipal building codes; (c) spon- 
sorship of the representation of the engi- 
neering profession on temporary committees 
appointed by federal agencies in Washing- 
ton for special investigations; (d) studies 
of relations between the national, state, and 
local engineering societies; (e) possible co- 
ordination of safety activities relating to 
engineering. 

3 Aiding the national defense by study- 
ing the possible contribution of the engi- 
neering profession. 

. + & 


EXECUTIVE COMMITTEE MEETS 


Some idea of the extent and variety of 
matters currently falling within the scope of 
American Engineering Council’s agenda may 
be gleaned from a brief summary of the 
minutes of a recent meeting of the execu- 
tive committee. Subjects discussed included 
the following: 

1 Consideration of letters received from 
the late Major William Bowie, executive 
secretary of the Society of American Military 
Engineers, and Samuel H. Ordway, Jr., 
president of the National Civil Service Re- 
form League, containing suggestions for bet- 
tering present procedures for recruiting 
federal personnel, particularly in the profes- 
sional and subprofessional grades. These 
were referred by the committee to Gano 
Dunn, Council's representative on the Presi-’ 
dent’s Committee on Civil Service Improve- 
ment. 

2 Discussion of a study of engineering 
positions and salaries in private industry 
undertaken by the American Society of Civil 
Engineers in cooperation with several other 
societies. President Hammond was directed 
to confer with George T. Seabury, secretary 
of the Society, to see if this project might 
not be endorsed over to AEC. 

3 Consideration of the action of the 
ASCE announcing its intention of withdraw- 
ing its support of Council at the close of 
1940. 

4 Formal confirmation of the appoint- 
ment of Col. L. B. Lent to the post of 
executive secretary. 

5 A canvass of the committee for the 
names of engineers who might fill vacancies 
in executive positions with The Panama 
Canal, as requested by its Director of Per- 
sonnel, Seymour Paul. 

6 Consideration of a complaint from the 
Engineering Societies of New England that 
the Bureau of Yards and Docks, Navy De- 


~. ae: 
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partment, is executing contracts with con- 
tractors for the construction of air and naval 
bases including the provision of engineering 
services as well as construction. A formal 
protest against this action was voted. 

7 Decided to use Council's facilities to 
call to the attention of member societies the 
desirability of using engineers as arbitrators 
in settling disputes between capital and 
labor. 

8 Consideration of ways in which Coun- 
cil could cooperate with the Massachusetts 
Institute of Technology in a lengthy study 
looking to better integration of the building 
industry. 


. 


10 Considered a suggestion by Leonard 
J. Fletcher that Council aid in the formation 
of local engineering councils, such as was 
recently organized in Peoria, by suggesting 
to some prominent individual in each local- 
ity that he take the initiative in forming 
such a body. 

11 Heard a report by President Ham 
mond that he had requested the ASCE to 
file with Council a copy of its census of 
engineers, now being taken, so as to be 
immediately accessible to officials of the 
federal government. 

12 Authorized the Committee on Engi- 
neering Economics to distribute to member 
organizations a report on economic balance 
as a means of stimulating discussion on 
some of the larger economic questions con- 
fronting the world today. 


* * % 


PROGRAM SUGGESTED TO HELP 
PAN-AMERICAN RELATIONS 


Following up a conference with State 
Department officials, AEC’s Committee on 
Inter-American Engineering Relations, of 
which C. O. Bickelhaupt is chairman, has 
recommended the adoption by Council of the 
following program to aid in the develop- 
ment of cultural and other relations between 
engineers in the United States and other 
countries in the Western Hemisphere: 

1 Foster additional scholarships in engi- 
neering schools of the United States for stu- 
dents from Pan-American countries, and the 
exchange of scholarships with such countries. 

2 Establish in New York a headquarters 
for visiting engineers to help them in plan- 
ning inspection trips to engineering projects 
and manufacturing plants, and in making 
travel arrangements. 

3. Arrange for the exchange of engineer- 
ing publications, information, and similar 
material. 

The committee has further recommended 
that the executive secretary be authorized to 
work with the committee in carrying out 
these recommendations. 

* * & 


FUNDS SOUGHT TO STUDY 
DEFENSE INVENTIONS 


The newly-organized committee to ex- 
amine inventions useful in national defense, 
of which Charles F. Kettering, vice presi- 
dent in charge of research for the General 
Motors Corporation is head, is seeking a 
fund of $150,000 with which to build up a 
staff of some 50 trained engineers, patent 
investigators, and other experts to carry out 
its objectives. These will include not only 
the inventions submitted to it by outside 
inventors, but also the assignment of un- 
solved defense problems to inventors and 
research organizations for study. It is antici- 
pated that the money will be provided by 
Congressional appropriation, failing which it 
may be allocated from the President's special 
emergency fund. 
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Personals 


B. B. Benjamin retired July 1 from his 
work in the engineering department of the 
International Harvester Company. He had 
served the company and its predecessors for 
more than 46 years. 


A. Kirk Crawford has been appointed 
instructor in agricultural engineering at the 
Northwest School and Experiment Station 
of the University of Minnesota at Crook- 
ston. He previously held a similar position 
at the North Dakota Agricultural College. 


J. R. Haswell has revised Pennsylvania 
Agricultural Extension Circular 89, ‘Septic 
Tanks for the Farm,’”’ and No. 112, “Drain 
the Wet Spots.” 


A. C. Lindgren began a leave of absence 
from his work in the engineering depart- 
ment of the International Harvester Com- 
pany, on July 1. At the end of his leave 
period he will retire. 

L. W’. Neubauer has been appointed as- 
sistant professor of agricultural engineering 
at the University of California, Davis. He 
was previously instructor in agricultural 
engineering at the University of Minnesota. 

F. W. Peikert has resigned his position 
as associate professor of agricultural engi- 
neering at the University of Georgia to 
accept a similar position at Texas A and M 
College, effective September 1. 

Miss Ellen Pennell is director of con- 
sumer relations of The Associated Grocery 
Manufacturers of America, of New York. 
She was previously editor of the homemak- 
ing department of The Country Home 
Magazine. 

Harry E. Roethe has been appointed 
technical assistant to the director, Northern 
Regional Research Laboratory, U. S. De- 
partment of Agriculture, Peoria, IIl., in 
which position his duties will be largely 
administrative; and in the absence of the 
director, he will serve as acting director. 
Previous to this appointment he was rated 
as a senior engineer in the U. S. Bureau of 
Agricultural Chemistry and Engineering. 


The following is a list of applicants for mem- 
bership in the American Society of Agricultural 
Engineers received since the publication of the 
August issue of AGRICULTURAL ENGINEERING. 
Members of the Society are urged to send infor- 
mation relative to applicants for consideration 
of the Council prior to election. 


J. P. Bonner, associate hydraulic engineer, 
Soil Conservation Service, U. S. Department 
of Agriculture. (Mail) Box 283, Moscow, 
Ida. 

S. B. Bowers, Jr., engineer, McConnel, 
Hammond and Long, 3419 N. Main St., 
Columbia, S. C. 

Robert E. Hartsock, draftsman, The Huber 
Mfg. Co., Marion, Ohio. (Mail) 215 S. 
Vine St. 

William F. Lytle, instructor, agricultural 
engineering department, University of Mis- 
souri, Columbia, Mo. 

J. R. Martin, rural supervisor, Mononga- 
hela West Penn Public Service Co., Fair- 
mont, W. Va. 

Arthur W. Milliken, draftsman, Food Ma- 
chinery Corp., John Bean Division. (Mail) 
94 S. 7th St., San Jose, Calif. 

William J. Oates, student, 220 Center St., 
Chester, S. C. 

Robert J. Rooney, salesman, L. S. Quinan 
Farm Implement Co., Sacramento, Calif. 
(Mail) 334014 43rd St. 
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AGRICULTURAL ENGINEERING 


Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, assistant chief, Office of Experi- 
ment Stations, U. S$. Department of Agriculture. Copies of publications reviewed may be 


MErHODS OF VENTILATING WHEAT IN FARM _ STORAGES, 
C. F. Kelly. U. S. Dept. Agr. Cir. 544 (1940), pp. 74, figs. 37. 
Under typical temperature conditions, low moisture content was 
found the most important requirement for safe storage, design and 
materials of the storage structure being of little importance except 
in their effect on moisture content and temperature. Experiments 
further indicated that sound wheat can be stored safely in unven- 
tilated bins for 1-yr periods in western Kansas with from 13 to 
13.5 per cent of moisture, in Illinois and Maryland with from 13.5 
to 14 per cent of moisture, and in North Dakota with from 14 to 
14.5 per cent of moisture. The higher moisture content permissi- 
ble in North Dakota is due primarily to the lower temperatures. 

Bins ventilated with suitable horizontal flues ordinarily are safe 
for storing wheat with initial moistures one per cent higher than 
would be safe in nonventilated bins. The cost of material for sich 
flues spaced 18 in on centers horizontally and 24 in vertically is 
from 6 to 8 cents per bushel of bin capacity. Since they can be 
made easily removable they are not as much of a nuisance as they 
may seem. They must be provided with hoods to shed rain and 
stoppers to close the flues tightly to keep out driving snow and 
humid air or to hold fumigation gases. Closely spaced flues with 
pressure and suction cowls, which can be made still more efficient, 
are also discussed. These should be safe for storing: wheat of 2 
per cent more moisture than is safe in unventilated bins. The cost 
of material for such a system will range between 15 and 25 cents 
per bushel, being lower for the larger bins. Other types of venti- 
lation using power will ordinarily be more economical. Vertical 
flues did not prove as effective as horizontal flues with similar 
spacing. 

Bins having perforated floors were effective for equalizing the 
moisture content of wet and dry layers, but removed little moisture 
from the content of the bin as a whole except when the ventilation 
efficiency was increased by adding a suction cowl on the roof of 
the bin and tightly closing all openings above the wheat. In 
western Kansas such bins may be safe for wheat of 1.5 per cent 
higher moisture content than in nonventilated bins, but their effec- 
tiveness in regions of high humidity is limited. In the dryer areas 
the efficiency of a bottom-ventilated bin can be further increased to 
take care of wheat of higher moisture content by forcing air in 
either direction through the wheat by means of a grain blower, 
silo-filler blower, or any other heavy-duty fan that may be avail- 
able. Because of the uneven drying resulting from power ventilat- 
ing such a bin, ventilating should be continued until the layers of 
wheat farthest from the inlet have dried to a safe moisture content. 
For more efficient drying by power ventilation, means should be 
provided so that the air need not flow through the full depth of 
wheat, as by the use of a central pressure chamber, perforated floor, 
and perforated walls. With a blower of adequate capacity and 
a few hours of reasonably dry weather each day, such a system 
should dry wheat of 18 per cent moisture content without damage. 
Quicker and more even drying can be obtained by use of ducts 
instead of the central air chamber. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE Mis- 
SISSIPPI STATION, Mississippi Sta. (A. and M. College) Rpt. 1939, 
pp. 11, 12. The report summarizes a number of years’ work indi- 
cating that the minimum of work necessary for good seedbed, 
together with clean crops, is more profitable than maximum 
preparation and cultivation, and that cultivating cotton twice 
weekly gave no better results than weekly cultivation, although 
extending the period to 2 weeks showed a slight loss. Experiments 
indicating that Houston clay soils with more than 7.5 per cent 
—_ should be removed from clean cultivated row crops are also 
noted. 


CONSERVING SOIL THROUGH THE FARM ProGraM, U. S. Dept. 
Agr., Agr. Adjust. Admin., South. Region Agr. Conserv., 1939, 
SRAC-6, pp. [1]+-9, figs. 6. Questions pertinent to the soil-erosion 
problem and measures necessary for its solution in the southern 
part of the United States are stated and answered. The questions 
thus dealt with are of special application in Alabama, Arkansas, 
Florida, Georgia, Louisiana, Mississippi, Oklahoma, South Caro- 
lina, and Texas. 


procured only from the publishers at the addresses indicated. 
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NEBRASKA TRACTOR TEsTs, 1920-1939, Nebraska Sta. (Lin- 
coln) Bul. 325 (1940), pp. 48, fig. 1. This bulletin summarizes 
the results of 107 of the 328 tests made since 1920 and includes 
data on all tractors reported by their manufacturers as on the 
market Jaunary 1, 1940. The general procedure and rules followed 
in making the tests are stated, and 8 tests are listed and described 
as follows: A preliminary run is made to free the new machine 
from stiffness, to check the condition of the tractor, and to ascer- 
tain if all the parts are working normally. The tractor is operated 
at approximately one-third rated load, two-thirds rated load, and 
full rated load for 4 hr each, with reasonable additional time if 
desired. Each one of the forward gears is used for some portion 
of this test. This is followed by a maximum belt test; operating 
maximum belt test; rated load belt test; varying load belt test; 
maximum horsepower drawbar tests made at two carburetor set- 
tings, operating and 100 per cent (power output); operating 
maximum drawbar test; and rated load drawbar test. These tests 
are followed by a check on oil consumption and a general mechani- 
cal inspection. The bulletin contains also sections on interpretation 
of summary sheet; explanation of drawbar and belt horsepower, 
including the relation of the latter to belt speeds, design rpm of 
farm machines, and the effect of variations in pulley diameter on 
efficiency of operation; drawbar testing equipment; rubber tire 
tests; and the Nebraska tractor law. 


EFFECT OF ACCELERATED EROSION ON SILTING IN MORENA 
RESERVOIR, SAN DiEGO Country, CALIF., F. F. Barnes, C. J. Krae- 
bel, and R. S. LaMotte. U. S. Dept. Agr., Tech. Bul. 639 (1939), 
pp. 22, pls. 5, figs. 9. The Morena drainage basin, in the Laguna 
Mountains of southern California, is an important water-gathering 
area for the city of San Diego and is the site of a dam and reser- 
voir completed in 1910. By 1935, 10.5 per cent of the reservoir 
storage capacity had been displaced by sediment deposits, and large 
volumes of similar material had been deposited in the lower stream 
courses above the spillway level of the reservoir. 


A study of the drainage area showed that most of the sediment 
had come from deep trenching of alluviated valleys (locally, 
“potreros”) and from mountain slopes denuded of their protec- 
tive cover by fire. Rapid trenching of the potreros began between 
1890 and 1895, within 20 yr after first occupancy (1875) of the 
basin by white settlers and the introduction of cattle. Cattle graz- 
ing has been maintained as the principal land use in the area. 
Overgrazing of the valleys and repeated burning of the brushy 
slopes for the production of sprout and weed forage have been the 
chief causes of accelerated erosion. Erosion is still accelerating, 
and, unless control measures are undertaken, the reservoir can be 
expected to receive sediment at a more rapid rate in the future 
than it has in the past. Control of erosion in the drainage area 
will require a coordinated program of engineering works, regula- 
tion or elimination of grazing, improved fire control, and possibly 
some planting. The most practical solution appears to lie in a 
cooperative plan of action by the ranch owners, the city of San 
Diego, and the federal government. 


HYDROLOGIC STUDIES: COMPILATION OF RAINFALL AND RUNOFF 
FROM THE WATERSHEDS OF THE UPPER MIsSISSIPPI VALLEY CON- 
SERVATION EXPERIMENT STATION, LA Crosse, WISCONSIN, 1932- 
38, O. E. Hays and H. B. Atkinson. U. S. Dept. Agr., Soil 
Conserv. Serv., 1939, SCS-TP-29, pp. [4]4+-19+[123], figs. 75. 
This report records rainfall, runoff, and erosion losses on an un- 
terraced pasture watershed on which experimental work was begun 
in 1932, on an unterraced cultivated watershed for which records 
have also been taken since 1932, and on a controlled watershed on 
which work was started in 1937. The data here assembled show 
in detail the effects of weather conditions, of the nature and slope 
of the land, and of land use upon surface runoff and soil losses. 
Standard and recording rain gages, measuring flumes (2-ft Parshall 
flumes on the two unterraced watersheds and a trapezoidal flume 
on the control watershed), water-stage recorders, and silt samplers 
(Ramser on the unterraced and Geib on’ the controlled watersheds ) 
were used in obtaining the data recorded. The locations of the 
instruments are shown in a map of the station site, and the methods 
of measurement are detailed. (Continued on page 372) 
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As in laboratory analyses, so also 
in production heat-treatments, 
“Caterpillar” standards of ac- 
curacy are referred to United 
States Bureau of Standards for 
comparison. Of the more than 
275 heat-measuring devices 
called Thermocouples, used in 
“Caterpillar’s” heat-treating 
furnaces, accurate weekly 
checks are made with standards, 
or comparator instruments. 


The operator here is checking 
a furnace-control Thermo-cou- 
ple against ‘‘Caterpillar’s”’ U. S. 
Bureau of Standards calibrated 
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platinum and platinum- 
rhodium Thermocouple 
(potentiometer pyrometer). 


He reads the error on an 
illuminated dial, graduated 
in hundredths of a millivolt 
(one one-hundred-thousandth 
of one volt). If a Thermocouple 
shows an inaccuracy, even so 
small as less than one-half of 
one percent of its temperature 
range, “‘Caterpillar’? promptly 


replaces it. The shop portable 
potentiometer (shown at the 
right) is also checked against 
the larger precision instrument. 


The rare metals and their 
alloys are used for the highest 
precision Thermocouples be- 
cause of their durability and 
resistance to deterioration by 
such factors as heat and cor- 
rosion. Leadership is “‘Caterpil- 
lar’s”’ reward for such precision. 


TERPILLAR 


ons we rar ore 


TRACTOR CO. PEORIA, ILLINOIS 


DIESEL ENGINES 


TRACK-TYPE TRACTORS 
TERRACERS 
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hese pictures show how 
d galvanized metal 
SA holds paint 


ALL PHOTOMICROGRAPHS 
AT 40 DIAMETERS 


@ 1. Photomicrograph of an 
ordinary galvanized sheet. Its 
surface is slick and paint will 
not readily bond with it. 


@ 2. Photomicrograph of an 
Armco Galvanized PAtnTGRIP 
Sheet. Compare its fine- 
textured, paint-holding sur- 
face with No. 1 and No. 3. 
The granulated effect permits 
paint to stick to this full- 
coated sheet. At the same 
time the “aging” effect of 
zine compounds on paint is 
greatly diminished, since the 
integral Painterip film is 
neutral to paint. 


@ 3. Photomicrograph of or- 
dinary galvanized sheet after 
etching with vinegar. This 
common though injurious 
practice removes part of the 
protective zine coating. 


e ARMCO PAINTGRIP 
Sheets are given a special Bonderizing treatment at the mill 
that produces a fine zinc phosphate film united with the full 
galvanized coating. The zinc coating underneath is not etched. 


PainteriP sheets can be painted immediately by either 
the brush or spray method. The Painterip film, being 
neutral, prolongs paint life. 400 exposure tests, in different 
climates, revealed that the average life of good paint on 
Armco Galvanized Paintcrip Sheets was at least 150% 
longer than on ordinary galvanized sheets. 


Galvanized PainteripP is ideal for farm machinery, farm 
buildings and roofing. Mail the coupon below for a com- 
plete technical bulletin on ARMco PatnTcRIP Sheets. 


PAINTGRIP 


GALVANIZED SHEETS 


MAIL THIS COUPON 


THE AMERICAN ROLLING MILL CO. 
2581 Curtis Street, Middletown, Ohio 


" Please send me free your bulletin of interesting technical facts about 
i ARMCO PAINTGRIP Galvanized Sheet Metal. 
1 
| 
1 
1 


Name. 
Company or affiliation 
Address 

City or town 
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Agricultural Engineering Digest 
(Continued from page 370) 


EXPERIMENTS WITH New ELECTRIC DEVICES FOR PASTEURIZ- 
ING Sots, A. G. Newhall. [New York} Cornell Sta. (Ithaca) Bul. 
731 (1940), pp. 38, figs. 21. Consideration of the thermal death 
points of more than 120 plant-pathogenic micro-organisms, coupled 
with practical soil tests, led to the conclusion that a final soil 
temperature of 65C (150 F) is a sufficient pasteurization to kil! 
all important plant pathogens and most weed seeds. 

Ordinary soil-heating cable was found not to withstand the 
temperature required of it in soil-pasteurization work. An induc- 
tion type of electric pipe grid, more or less successfully used for a 
short time by one of the electric power companies, was found too 
costly, both in material and labor. Soil in greenhouse benches and 
ground beds was brought up to pasteurizing temperatures with a 
series of buried portable pipe-type heaters, of 0.75-in galvanized 
pipe, having a rating of approximately 100 watts per linear foot 
and spaced to give from 220 to 400 watts per cubic foot of soil. 
These, however, must be buried, dug up, and reset at frequent 
intervals, and attention was turned to the possibility of generating 
steam with electric heating units close to the soil but not buried 
in it. A portable, electrically operated, inverted steam pan, with 
which pasteurizing temperatures in bench and ground-bed soil were 
obtained to a depth of from 7 to 10 in in 2 hr with the expendi- 
ture of approximately 1.5 kwhr per square foot of soil, was tested. 
The device appears to have promise as a means of treating cold- 
frame, hotbed, cutting-bench, seedbed, and slat-house soil while in 
place. 

Successful use was made of the new Nixon electric dairy-utensil 
steamer for pasteurization of soil in flats, or trays. The characteris- 
tics of this device were studied in a series of more than 250 test 
runs, in which it was shown that pasteurizing temperatures could 
be obtained in from 2 to 3 hr at an expenditure of approximately 
1.37 kwhr per cubic foot of soil treated. No appreciable pressure 
of the steam generated is necessary for adequate soil treatment. A 
continuous or semiflash type of electric soil pasteurizer was tested. 
In this device the soil is placed in a hopper at one end and 
discharged 5 min later from the other end, having attained a tem- 


perature of from 65 to 80C on its way through at an expendi- 


ture of 1.5 kwhr per cubic foot of soil treated. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE NEW 
HAMPSHIRE STATION, New Hampshire Sta. (Durham) Bul. 319 
(1940), pp. 30, 34. These have included a study of three types 
of air intake for the ventilation of potato bins, by O. R. Butler 
and P. T. Blood, all three types giving approximately the same 
movement of air out of the bin, controllable within rather wide 
limits; a study of potato storage structures, by W. T. Ackerman, 
this work having the objects of eliminating known heat losses for 
the purpose of improved structural and engineering factors and the 
gathering and analysis of construction costs; testing and advisory 
service, by Ackerman and G. M. Foulkrod; and work on electric 
washing and sterilizing equipment for dairy utensils, by Ackerman. 


ELECTRIC MOTORS FOR THE FARM (SINGLE PHASE), H. H. 
Beaty and W. A. Thomas. lowa Sta. (Ames) Bul. P13, n. ser. 
(1940), pp. 361-390, figs. 17. This bulletin deals only with alter- 
nating-current (single-phase) motors, except for brief mention of 
the universal type, and discusses the smaller motors, from 1/6 to 
714 hp, which may be operated on such current. 

As a guide to the selection of a motor suitable for the work 
to be done, attention is called to the differences in starting torque, 
in the percentage of overload which can be brought up to speed, 
and in the percentage of overload carried without stalling, the com- 
mon types being listed in order of increasing starting torque as 
split phase, capacitor start-induction run, capacitor run, repulsion 
start-induction run, and repulsion induction. Two portable motors, 
the one of from 4 to 4 hp, the other of from 3 to 71/4 hp, are 
recommended for machines used seasona!iy, these being considered 
capable of operating practically all farm machines not suppl’ed 
with an attached motor. Individual motors are recommended ‘or 
machines used daily, such as water pumps, cream separators, milk- 
ing machines, etc. 

To promote efficiency and to prolong motor life, line-shift 
drives are to be avoided, pliable belts are to be preferred to s‘iff 
or heavy belts—attention should be given to belt speed so that 
speeds greater than 4,000 fpm will not be used, and special fuses 
(delayed action to permit momentary heavy starting currents) of 
cut-outs are to be used for preventing excessive overload. Lubrica- 
tion and the need for keeping the motor clean and dry are also 
dealt with, together with the importance of a current supply not 
more than 10 per cent higher or lower in voltage than that for 
which the motor is designed. 

The general advantages of electric motors over manual opera- 
tion or other sources of power are pointed out. 


(Continued on page 374) 
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...but Dynamite came FIRST! 
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@ No other single factor has meant so much in 
modern developments and improvements as 
dynamite, whose power makes vital metals eco- 
nomically possible. 


REG. U.S. PAT. OFF 


Visit the Du Pont Building, 
New York World’s Fair 
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ye accept as a matter of course the efficient performance 
of modern farm machinery. Its operation simplifies farming 
and reduces the cost of production. 


BUT. . . do you ever consider the vote of thanks we owe to 
dynamite? Do you realize you have to thank dynamite for farm 
machinery, concrete structures, modern highways and electrical 
equipment? 

Truly, dynamite built America. Its mighty, mobile power 
brings down the ore used by industry . . . quarries the rock 
used for millions of tons of concrete. 


Without dynamite to mine the ore for metals, you’d have no 
machinery, no automobiles, no radios—none of the modern 
utilities which contribute to profitable farming. 


Dynamite demonstrates its efficiency on the farm by blasting 
new and maintaining old drainage ditches, removing stumps 
and boulders to permit the use of farm machinery and to do 
many other time- and-money saving jobs. 


If you’d like practical information regarding the use of ex- 
plosives on the farm, please address your inquiries to E. I. 
du Pont de Nemours & Company, Inc., Explosives Depart- 
ment, Wilmington, Delaware. 


NC.) EXPLOSIV 


373 


coe 9 
a 
:.. oe 
he ~~ eae 
vgs ¥ ae 
es sg Pa 
— ae nea aS okt OR ee 
oe es ae - ty me me oo a & perce 
ee paris 8 Pe a * Be) eee iS Se 
Pte ae os an phone ees mee 
" Oe yey a4 Bee athe 5 oe er: ee, sho. ‘ae haa 
ES see. ae pao ae mae? ce vas oe Sa ee 
eh es a 7 “aa Be ae ieee Us 
oe See 1. o ae ae ; exten a 
eens ee gee ee, and tea “Bete nae weed Eee. Se 
ee Serpe dies oe gee ss 2 te beara | sey fod Besos ln * eal 
: Seite) [ee E 8 Sg tae as a ~ 
| tl "Me Pre iY ae : 
| ee ak a 
. ae See 
ke 
th “4 : | 
| ae =z 
vil : va : ea d sae 
4 4 3 oF "oval , 
1 | Pa % Ae ae 
; TG ae Se i 
= eS thy oe 
a 2 ! Aa 5 c ‘ 
ee : Pe oe ey ery . AR 
a q . os ‘ a fers. aah’ E 7% — - fa oat , sual — 
: ee an . Se ca oN a $4 aes bike RPh Ses 
ye) 1 y t he Es ~ — ene sii Age a p Ae Cotes - oe? 
ud § See. O ea > 5° oe rh he al, ae ¥ 4 agit 
: J ee fs er’ aoe 7 2 ae BP ie onan ig ed es, - > aaa 
o : ge = > Se ae’ ye Se Sy : ee es ee Ne ee 
ed 4 a. Sale bs E. -¢ sim ee q . ee Cae we Rae ‘ ' # $ a p- — 
af : te Ai ee . By: : ee af ‘ats ke rie aS t - - e ~~ ie i - ee 
ot : a ae PH, bad 2 =e aes ASRS 3 wate 7 aoe ee a v ae 7 oes ae 
: f . +e i aes ) ARE grey. ae a ei POR ae 
il ; sg ee es er gas hos | ts, ag ty eee Se pec Sore agi > abes oe Ged . al. 
i | an wy axl *: 44 ee ok ee * 
nt | Bs ee SS ae - ie: hy 28 oe 4 See 9 a) Pa, ner or : ot 4 sd . aS phe we te 
ne & ae: cre [a te er aul we ig a X. Rak ae ae ee oS ee i a 
on \ gee my Rk a Se 5 ROA. eye. * os it ae - ee be ae et rece 
_ o Ne a ea 3 . ota 4a “hs ee  ———d Tt Cane . i 
‘| a Re oll ar 5 BS iy Sa RP a a — fe: 
; a Smears oa rates gt - ae ra SES iy ee Dh. glee = eee Ne mee e a Sas, " & ‘4 
re Cue oe then a> 4 rig ee . a y Hs “<< / 3 & we Ms See a eo BRS io ge be 
; 4 - ‘a hee ar . a? oe a OOS ~ Ry <a hot Fy ei 2 oe § ie \ | By ae 4 a ie a os 
es - - - Ae, U. “3 Sg ee a Sie ete So 2 pie rere y Rs a ae " sare 
<j ee ust A ee so 8 a a Bf “a es aes . See, Cre Se 
‘ ‘ seal bein is Ba. te > a DIP an * \ ae » Sea Siem Nee hey ge . 
. | as i a a ee Ne’ agen at Bi PS 3 ike ae 5S < Aye - ~~ ate eee ' 
ae 4 abn | po ws ~g Wek) 4 aR a oe aa ee gash 
in J Jn VEG mee. ee oe Bet ee 
: ‘oe F tee ‘ ls Was. sade aa ee = 
q 4 S g .. 34 2 . oS ges ee.” rear ss we 4a ke s Sas ad S 
; 4 9 ce pre ee eo - e aa ag eee oe ay 
p1S- : ae ee : oe aye oe " iv ~ . 7 Se ee ss Pe od 
est § a OS le ——- ett — wee 4) 
; Pes Bes: oe — ll oo > x se = Oe, sae : 
uld § ae rere = eo : a aay a 
REE x eS Pei ee 5S : : a i . & : : “4 ? 
sd b." <tus <a 4 ‘tein ss ~* eal . ees 4 we: ae ; as 
ure §f bce ae Se ee —< { Fe jee ata — 
A eas oe eats wr a : 4 a piss i ad a =_= - i 
ee . ee. So Wk cdl Pak ae er | iG, Ses —— : \} 
ed SR. aie 93 oC eS y " pameTe Pie a } 
ne" irda Stee ac ee ee i. ee «Cl ee | 
RS ae i eee ae = a : ~ | Serr ray { 
eee Pe GCA ti eee . iia) ain EE rn ea . ! 
>m- a New bs ‘ an oe oe Sets rece pga ON Ee Pe — pea j 
\di- Bodh PAGS wr Ws Sea oe oe ene = a yh EE er ye ae ee — . Laure ws . 
es ae er eeatoacc F ee Bee St iar Red oe le vi SESE eres Se oe “ 
° Pe poe he ae ye ae es pes ae Sa +e * oe iF GE aes BO Das: | es See “ 
x eS eu ae ee 8 - : Stee Rg kee, ites ws mere es eos var ba? ite: ae ae wees me cars oer Ba Joe PERE ; 
“gaged * + re 3 Bee —— * SS Rag Se ee RS & Seas 8 ‘ hare ate: PRE Se a = ay d . S77 : ae Re th, ty ‘ ee reer ‘< y aS 
a dee. bees oe i Sa aa oe “Ser Beg Es eile ae ome a or i - Cay wn 
% ee eae De os As SS ey. * : Rie Re SSasSe ok Ss Sie el i : ba she ¥ _ 5 . eee pes a a whale 7 
et ete Sepa ee ok eS woes BS) gab he) Sed ee tea Hie it Nie. e a Th Pas k Agee Cia ee Mae) 
319 Ae a Be te RS + ) aliens eee er SY Pas PLee PRES ays, ’ te : ‘ ; 
| . i als eee ache ae Bed yc Pes Bae oe ae BP ok S Dees vo bee se eu RS. re ye TER & 
pes eS Meu cet mee Set Se GE ans BA Ray Tee i re feo ahs pie PEI yes Rt e. 
ee = ee eo ett ie ss apt ‘ pais ose Ee wes Taek ces tO re a4 ee ie to — : 
tler m4 . 4 SORE Sat Bc ae a. Seva ie ee Seer hg Sane ota dae a Ae ae oe res eee ee 3 wet; Fi | aa 
aS) 2 : . se meee St aioe rs ee Seis cas RR: re : Sates : Ade ti. 
ae a a ee S Gg 20 Boks pe eet UAE ae By Sah ong! Same oe oe Awa SO Sa ba 
. e = a Pye a ie ies gi Sha. & Fes a ee +18 tal so” 21 ee ae Pein: oy ois 2 
‘ide  f Sw Jeet Pre or Left “be joes ‘ties ee Pe ee ce: ae 
eg a ae the - egg ae * sie sk Sy Pe ac ee: Rie hf os th aS Ce Beis , 
1a : 7 :. ae _— pew ieee a oS a es "ete es, Aah pe gee. Sat SS Te Ake Pee ee 
ik te Se oe Chen ae oe. oo fg, Sr ONES ee ee tone ay sos oe we 2 3 CaS STEMS . 
for ae . Se Pe ee bh a. oe er ey Sa RS yee ghia rd Se Ree whet 4 
“ult ao hae SERS Be ~ ee a Sea aa Oe eae a Pot. yo we SSAC se Ya ety, cakes ee . a ‘a a Soe he 2 
tl — “ee ia: af ag biiatrn SA Yl ri: A hs eet we TRIN wi ze SS ar 
. a a oy ah eae cade | Re SA lk Neel Weg aan ie ae 5 as Rie Ne “ae. 
30 a et = el ee cig a oe bas” ital Ryoho Se sa Bie minis es ey tenn Seg 4 
t 2 OS kee Pete = ‘al Be Peae See Rien yc eee ee << he 2: ‘ 
meee te re ey = cae oe Mae we NE ae. é apes 
nan. 9 eS Si aa es Ge, 
of ee an eee Sar 
; — pe" Swe ee ae - tee ie in a he ag ¢ * 
H et SS ec Sie ates : Poe en Bi Sia 
oe ae ay —— 
RS eee ee a SS ee es 
_ Fee utr ; 2 Se =e Be are 
Iter aie be ens ceed F 
1 of : ns Gat wean ee: eS Wes SS : ogee 
a Se ad eran Sa es a 
6to & ee a ee a SS ue 
Se by get bah wae eee BSS ae 
| EN Soe Paro RR tas 
vork / Side se Re og AS eS east we 
Soe GE < maar ASRS, . 
que, ea Ng —a. 
eed . x 3 oe 
> ‘ =. gt : * & 4 3 : 
4 o ie er 
| 7 
= 
5 
} 
| 
: 
a 
| po 
+ 
: 
; ee 
t Bocce. ae 
: Baths ee 
U ; oe Bu 
| j PONT DE a , 
. 3: fe ae NEM ag 
7 tae eid ied oui 
= | AGR iM i aioe. + oh as 
‘ ICULTURAL E te 2 gegie 
“NG “4 e0 : as. i : 
INEERING aes a ES D a _ 4 i 
or Septemb 4 j Ree aaa het es a A “a eee en 
er 1940 — ee ce ae eee a 0 aa 
Rea: Cie Ocee« came 3 
— ee ee era ON Ark 
sees oles 
_ cs me's iio : 
2 le hi ete ss a | 
rs : 
a. gt ee are \ 
SN 24 ere . \ 
A Sook 7 + ee eee ii 


“wee SPACE for the lubricant” 


provided by BCA’s new Com- 
position Seal Bearing has an extra 
plus value in farm machinery. 
The generously enlarged space 
for the lubricant on both sides of 
the balls is an added protection 
against neglect and eventual fail- 
ure which shrewd designers of 
agricultural machinery have been 
quick to give a vote of approval. 


The composition seals of these 
“Greased Lightning” ball bearings 
keep out dirt, retain the lubri- 
cant and permit a freer-running 
bearing because they exert less 
pressure on the rotating surfaces 
than any other seal bearing made. 

BCA Composition Seal Bear- 
ings on your agricultural machin- 
ery is an assurance of longer 
trouble-free service in the field. 


ee 


at, 


BEARINGS COMPANY OF AMERICA + LANCASTER, PENNA. 


Agricultural Engineering Digest 


(Continued from page 372) 


PUBLICATIONS ON PLANNING FOR SOIL, WATER, AND WILDLIFE 
CONSERVATION, FLOOD CONTROL, AND LAND UTILIZATION, E. G. 
Rogers and Z. E. Mellvain. U.S. Dept. Agr., Soil Conserv. Serv., 
1939, SCS-MP-21, pp. [5]+119. This bibliography is a revision 
of a list prepared in 1937 for the use of the Soil Conservation 
Service. In its present form it has been brought up to date and 
lists publications containing information pertinent to the land 
utilization, farm forestry, water facilities, and other programs 
established in or transferred to the Soil Conservation Service. The 
regions of the Soil Conservation Service have been used for the 
geographic arrangement. It is intended to include all publications 
pertinent to the Soil Conservation Service programs. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE IOWA 
STATION. (Partly coop. U. §. D. A.) Iowa Sta. (Ames) Rpt. 1939, 
pt. 2, pp. 18-21. This report notes trials of the basin method of 
planting corn on representative soil areas of the state, by J. B. 
Davidson and E. V. Collins; and work on efficiency of corn pick- 
ers, by C. K. Shedd, Davidson, and Collins; on seedbed prepara- 
tion for corn, and on corn production methods and equipment, 
both by Davidson, Collins, and Shedd; and on hill spacing of 
check-planted corn, by Collins, Davidson, A. A. Bryan, and Shedd. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE ARKAN- 
sAS STATION, Arkansas Sta. (Fayetteville) Bul. 386 (1940), pp. 
14-16, 30-32. Floor finishes, cost reduction in rural housing, and 
farm and home building plans are all reported upon by D. G. 
Carter; post preservation, by Carter and W. C. Hulburt; and water 
resources for rice irrigation, by Carter and K. Engler. 


Soil-erosion investigations have included work on rainfall in- 
tensities, on crop rotation in soil conservation, and on plowing as 
an aid in soil and water conservation, all by R. P. Bartholomew, 
Carter, Hulburt, and L. C. Kapp. 


FARM MECHANICS, O. L. Snowden and H. O. West. Mississippi 
Sta. (A. and M. College) Bul. 337 (1939), pp. 48, figs. 42. The 
work for which directions are given covers leather, including oak 
bark, chrome alum, and common alum tanning, as well as report 
of leather farm equipment; painting and wood ‘finishing, including 
preparation of various paints, varnishes, waxes, whitewash, and 
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BALL BEARINGS 


the care of brushes; electric wiring and the care of motors (the 
last-named work being restricted to oiling and cleaning) ; forge 
work, including tempering; soldering, including home-made “fur- 
nace’’ by means of which one blowtorch is made to heat two or 
more coppers; home-made farm equipment and home conveniences ; 
handy farm devices; and the farm workshop. 


PNEUMATIC TRACTOR Tires, T. E. Long. North Dakota Sta. 
(Fargo) Bimo. Bul., 2 (1940), No. 4, pp. 9, 10. The author has 


condensed Iowa Station Bulletin 382 for the use of North Dakota 
farmers. 


FoLp FAILURE IN KraFT Paper, A. J. Bailey. (Minn. Expt. 
Sta.) Paper Indus. and Paper World (Chicago, Ill.) 21 (1939), 
No. 2, pp. 156-160, figs. 11. The mechanism of folding was 
studied by means of sections across folds, including single folds, 
double folds, and bending. Other types of folds, such as sigmoid 
and V-folds, were observed and classified. A complete series of 
folds from normal paper to complete failure, in seven steps, was 
studied in detail and illustrated by means of photomicrographs. 
Other types of folds were similarly treated. The features asso- 
ciated with high folding strength are enumerated, and the ideal 
properties of stuff and sheet are discussed from the viewpoint of 
raising folding strength by means of such modifying processing 
variables as cooking, bleaching, beating, and formation. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE OHIO 
STATION, Ohio Sta. (Wooster) Bul. 600 (1939), pp. 64-66, figs. 
3. Report is made upon experiments with various wheats, in which 
it was found that sagging of grain heads due to weak straw causes 
heavy cutter-bar losses, and ready breaking up of the straw by the 
cylinder causes much rack and shoe loss, the sagging being worse 
than the straw breakage; and upon corncrib pressures, which were 
found to be greatly increased by expansion of previously dry corn 
during the damp weather of late spring. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE SOUTH 
CAROLINA STATION, South Carolina Sta. (Clemson) Rpt. 1939, 
pp. 54-60, 104, 105. Use of electrically heated beds in sweetpotato 
plant production is reported upon by J. B. Edmond and G. H. 
Dunkelberg under the captions influence of type of cover, insulation 
of frames, horizontal spacing of heating cable, position of heating 
cable, high and low soil temperatures, and “crowded” and regular 
bedding of roots. Temporary and permanent silos are discussed by 
E. D. Kyzer and J. E. Love. (Continued on page 376) 
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Modern “packaging” in the hay field means baling the hay as you go—with a No. 15 Pickup Baler. The small Farmall-A has 
ample power to pull this machine. 


Modern ‘‘Packaging”’ in the Hay Field : 
with Harvester’s New Small Pickup Baler 


as ee 


,% 


IT’S BUILT FOR THE AVERAGE FARM 


The windrow method of making 
hay for the average farm gets an- 
other boost with the introduction 
of International Harvester’s new 
lightweight pickup baler. This me- 
dium-priced machine, the new Mc- 
Cormick-Deering No. 15, does for 
the individual farm what the larger 
Type M does for the large-scale 
operator and custom baler. 


The No. 15 has a capacity of 1 to 
114 tons an hour and makes 40 to 
70-pound bales. The bale chamber 
is 16x18inches. A 3 to 5h.p. engine 


powers the baler. It comes equipped 
with tractor hitch, self-feeder, block 
setter, engine, rubber-tired wheels, 
double flywheel, foot boards and seat 
for bale tyer, feeding platform, and 
three division blocks. 


Investigate the construction and 
engineering features built into The 
No. 15. It is an ideal unit, not only 
for hay but for baling straw left by 
the combine. Ask the nearest Inter- 
national Harvester dealer or branch 
to explain the No. 15 more fully. Or 
write us for information. 


INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue 


Chicago, Illinois 


SOME OF THE FEATURES 


p 


YOU GET IN THE No. 15 


Rugged construction without excess 
weight. 


2. Double flywheel for steady power. 


4. Twin drive gears, 


. Flexibly mounted pickup unit. 


reversible for 
wear. 


. Steel plunger head with roller bear- 
ing pitman. 

. Large-capacity feed hopper. 

. Spring-protected feeder head. 

. Convenient block setter. 

. Convenient seat and foot boards for 
bale tyer. 

. Rubber-tired wheels, operating on 
roller bearings. 

. Easy-to-feed press—operator mere- 
ly slides feed charge into bale 
chamber. 


. Low investment; low operating cost. 


McCORMICK - DEERING 
No. 15 PICKUP BALER 
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the BADGE 
of him who 


BELONGS 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man's 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity; with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birth and helps 
to guide its growth. 

___ Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as 
an individual engineer. The Society symbol on 
your lapel is token that you “belong”. Wear it. 


With blue ground for Fellows and Members— 
furnished either in pin with safety clasp or lapel 
button—$2.00 each. 

With red ground for Junior Members, Asso- 
ciates, and Student Members—furnished only in 
pin with safety clasp—$1.00 each. 


STYLES AND PRICES OF ASAE EMBLEMS 
Send orders to ASAE, St. Joseph, Michigan. 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


only $1 40 


The ONLY binder that 
opens flat as a bound book! Made of 
durable imitation leather, nicely 
stamped on front cover and backbone, 
with name of journal and year and 
volume number, it will preserve your 
journals permanently. Each cover holds 12 issues (one 
volume). Do your own binding at home in a few 
minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


Seeceseeseeesesesens MAIL COUPON TODAY #eeseseceessessesan 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mail Post Paid cesccccscrscrerneneneecrnenernenrnennnbinders for Agricultural 


NO ONT ET A OD ETRE LEE IE EE OE 
Will remit in 10 days or return binders collect. 


NEN ct ct er a eR Sled eh eens gtr a a a ks Sc Wh aie, 
Address 


Agricultural Engineering Digest 
(Continued from page 374) 


List OF PUBLICATIONS ON MECHANICAL PROPERTIES AND 
STRUCTURAL USES OF WooD AND Woop PRODUCTS, OCTOBER 
1939. (Coop. Univ. Wis.) U. S. Dept. Agr., Forest Serv., Forest 
Prod. Lab. (Madison, Wis.), 1939, pp. [1]+-27. This list includes 
publications that give general information and the results of re- 
search on the strength of timber and factors affecting strength 
design of wooden articles or parts where strength or resistance to 
external forces is of importance. The material is distributed to the 
following classifications: Factors affecting strength, general, joints 
and fastenings (nails, screws, bolts, modern metal connectors, etc.) 
methods of determining properties, properties (strength, shrinkage. 
and weight), species (publications devoted to individual species). 
steam bending, structural timbers, uses (in airplanes, automobiles 
and other vehicles, boxes and crates, buildings, cross arms, min 
timbers, poles and piling, and ties), and veneer and plywood 
—— publication lists of the Forest Products Laboratory are als 
isted. 


AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE NEW 
Mexico SraTION, New Mexico Sta. (State College) Rpt. 1939. 
pp. 62, 63. These have included duty of water investigations and 
work on rate and cause of rise of ground water in the Rio Grande 
Valley. 


EMPLOYMENT BULLETIN 


The American Society of Agricultural Engineers conducts an employ- 
ment service especially for the benefit of its members. Only Society 
members in good standing may insert notices under ‘‘Positions Wanted,”’ 
or apply for positions under ‘‘Positions Open.’’ Both non-members and 
members seeking to fill positions, for which ASAE members are qualified, 
are privileged to insert notices under ‘‘Positions Open,’’ and to be re- 
ferred to members listed under ‘‘Positions Wanted.’’ Any notice in this 
bulletin will be inserted once and will thereafter be discontinued, unless 
additional insertions are requested. There is no charge for notices pub- 
lished in this bulletin. Requests for insertions should be addressed to 
ASAE, St. Joseph, Michigan. 


POSITIONS OPEN 


ENGINEERING AIDE (Soil Technician, SP-5), JUNIOR 
ENGINEER (Soil Mechanics, P-1), ASSISTANT ENGINEER 
(Soil Mechanics, P-2), ASSOCIATE ENGINEER (Soil Mechanics, 
P-3). The Panama Canal Washington (DC) Office announces 
openings in its special engineering division, for work in the Canal 
Zone in the above capacities. To qualify, applicants must be 
American citizens, below the age limit (45 years for SP-5 and P-1), 
physically sound, with disposition to work in a warm climate, 
notably studious, attentive to duty, good cooperators, of settled 
habits, and preferably married. The work involves field and labora- 
tory supervision and execution of obtaining and testing foundation 
soil, rock, and water samples, analysis of data, preparation and use 
of models, analysis of stresses in existing structures, and other 
duties of the Soil Mechanics Laboratory under the direction of the 
chief soil technician. Indicated monthly salary ranges are SP-5, 
$187.50 to $225; P-1, $208.33 to $270.83; P-2, $270.83 to 
$333.33; and P-3, $333.33 to $395.83. Persons interested in mak- 
ing application are invited to write the Panama Canal Washington 
Office for further information. 


AGRICULTURAL ENGINEER wanted in a state school of 
agriculture (in connection with national defense training program) 
to assist in shop, teaching welding, lathe work, and general repair 
of motors. Salary $1800 per year. Expect job to last at least one 


year, with possibility of working into regular school faculty. 
PO-126 


POSITIONS WANTED 


AGRICULTURAL ENGINEER with B.S. and M.S. degrce 
desires position requiring engineering training. Prefers research 
or teaching, or employment with a farm implement company. His 
five years’ experience teaching, research, and extension work with col- 
lege. Six years’ experience in soil conservation work with research 
and operations section of the federal government. Experience 1 
pump irrigation work. Farm background. Age 34. Married. Refe:- 
ence and complete information furnished upon request. PW-3-1 


AGRICULTURAL IMPLEMENT BLOCKMAN, with three 
years in agricultural engineering work at Kansas State College and 
ten years’ experience with large manufacturer of farm equipment 
desires position with another similar concern, or in any branch of 
agricultural engineering, farm management, or agricultural bank. 
Age 36. Health excellent. No defects or bad habits. Married. 
Rural background. Complete credentials furnished upon request. 
Best of references. PW-328 


AGRICULTURAL ENGINEERING for September 1940 
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